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COGNITIVE BASIS OF LANGUAGE LEARNING IN INFANTS 


JOHN MACNAMARA ! 
McGill University 


The main point of the paper is that infants learn their language by first deter- 
mining, independent of language, the meaning which a speaker intends to 
convey to them, and by then working out the relationship between the mean- 
ing and the expression they heard. The assumptions on which the thesi 
rests are discussed, the main one being that a speaker's linguistic system an 
his intentions are distinguishable. Evidence in support of the thesis itself 

adduced at three levels: lexicon, syntax, and phonology. An attempt is madl 
to describe the strategies, nonlinguistic as well as linguistic, by which childre 


use meaning to decipher language. 


The thesis of this paper is that infants 
learn their language by first determining, 
independent of language, the meaning 
which a speaker intends to convey to them, 
and by then working out the relationship 
between the meaning and the language. 
To put it another way, the infant uses 
meaning as a clue to language, rather than 
language as a clue to meaning. This thesis 
is a strong form of the theory that meaning 
plays an important part in language learn- 
ing. Its most respectable antecedent is 
Brown's (1958) "original word game." I 
would like, however, to make use of recent 
developments in linguistics and psycho- 
linguistics in developing the theory, and I 
would also like to present a theory which, 
unlike earlier ones, integrates vocabulary, 
Syntax, and phonology. 


1 Many of the ideas in this paper come from dis- 
cussion with Nancy Katz of the McGill psychology 
department whose doctoral work is in this area. 
I am particularly grateful to her. I also owe much 
to Dick Tucker, Rose-Marie Weber, Charles Taylor, 
Roy Wright, Harry Bracken, Michael Corballis, all 
of whom either were or are my colleagues at McGill, 
and to Gillian and David Sankoff of the University 
of Montreal. 

Requests for reprints should be sent to John 
Macnamara, Department of Psychology, McGill 
University, Montreal, Canada. 


The theory relates mainly to the begin- 
ning of language learning. Obviously once 
he has made some progress in language, a 
child can use language to develop his 
thinking. I am mot, therefore, casting 
doubt on the belief that our thinking is 
enriched or brought into focus by language. 
Further, I am prescinding from the more 
general question of the extent to which our 
thinking is conditioned by the linguistic 
environment in which we live, and from 
problems relating to advanced levels of 
language, in particular certain aspects of 
poetic expression. 

The approach to language learning which 
I am proposing had for some time been 
neglected in linguistics and in psycho- 
linguistics. Part of the reason for this was 
the uneasiness with which behaviorism 
handled semantics. Even more important, 
however, was the impact of structuralism 
in linguistics which, following a suggestion 
of Bloomfield's (1933), sought to settle all 
grammatical questions without appeal to 
meaning. The advent of transformational 
grammar, in many respects so critical 
of linguistic structuralism, did nothing to 
change this situation. Indeed, in Syn/acíic 
Structures, Chomsky (1957, Ch. 9) went a 
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little further than Bloomfield and seriously 
questioned the view that meaning could 
be an aid to the discovery of grammar. 
The paucity of references to meaning in 
the literature on child language during the 
10 years that follow the appearance of 
Syntactic Structures is scarcely a coinci- 
dence (for overviews see McNeill, 1966a, 
1966b). In the late 1960s, however, gram- 
marians came to rely more on semantics 
than before. Chomsky (1968) uses seman- 
tics to counter several arguments against 
the grammar which he had proposed; the 
arguments against him came 
of transformational grammarians, such as 
Lakoff (1968), Lakoff and Ross (1967), 
Fillmore (1968), and McCawley (1968), 
who largely abolished the distinction be- 
tween grammar and syntax, This turn of 
events, whatever the ultimate fate of the 
contending grammars with which it is 


associated, has engendered a readiness to 
seek a basis for language learning in infants 
among nonlinguistic cognitive principles. 
Perhaps the earliest and so far the most im- 
portant study of child language in the new 
key is Bloom (1970). (A general swing 
in this direction can be seen in several 
books and articles, e.g., Brown, 1970; 
Ervin-Tripp, 1970; Kernan, 1969; McNeill, 
1970; Slobin, 1971.) 

While most of what has 
child language h 
tion of speech, 
comprehension 


from a group 


Some recent 
d studied comprehension 


; omsky, 1969; Donaldson 
Balfour, 1968). These, how 


very few papers 
of two-year-old 
speech (Shipley, 
Smith, 1970). 


which deal with 


man, 1969; 
get behind 


such strategies (see, e.g., Chomsky, 1965, 
pp. 31 ff.; Fodor, 1966), the topic has been 
quite neglected. It is, however, a topic 
which is basic to the whole examination of 
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language learning and, moreover, one SEM 
as I hope to show, permits us Wes 
possibilities for empirical rescarch. 
first, some remarks on meaning. * 
5 I will use meaning to refer to those n 
tentions which a speaker wishes to wy. 
in language, and following the ene i 
Frege (1952), I will regard ware 
names for the intentions which d 
press. Meanings can be assertions, PE 
tions, commands, and questions; they ;sical 
include a reference to the speaker's eus 
environment, to his feelings e ye 
pleasure, uneasiness, etc.), and to mde his 
or concepts. They may also inc se d his 
attitudes of belief or doubt towar d 
assertions. In other words, Vp yall 
to all that a person can express or The cole 
by means of a linguistic code. A. siet 
on the other hand consists of E EE 
formatives and syntactic devices i he 
main function is to relate meaning 
phonological system of the languages dug 
I prefer to leave the problem of ur elieve 
at that, simply because I do not lione 
that we are able to define it more P crest 
without losing it. Perhaps the € EE 
attempts of behaviorists to treat tT Os x00 
as mediating responses are those of Fodor 
(1963) and Mowrer (1960). With Foot! 
(1965), however, I regard all such anen v 
as unfortunate and misguided. HOPE, 
unfortunate and misguided, in my opi as 
are the attempts of positivists "uy to 
Carnap (1956) and Quine (1960, 196 bout 
eliminate as far as possible talk 2 i 
meaning and to replace it with 4 such 
things present to the senses. ^ clarity 
attempts seem to me to purchase c and 
by impoverishing human intelligenc atu 
by ignoring the dynamism of the por 
understanding. Further than this, f the 
is no need to go for the purposes © 
present paper. H 
In im ov the distinction of ae 
and linguistic code, I do not wish to i! an 
a functional separation of thought hat 
language. This would end up in E o 
uine (1960, p. 206) calls the mu o 
subtraction,” that is, the fallacy that mee 


- z r e has 
ing is what is left over when languag 


be 
been filtered out. The fallacy ca? 
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avoided if with Saussure (1959, pp. 111 ff.) 
, we regard an utterance as the embodiment 
'of thought in language. Saussure points 

out that without thought, language is 

useless, and he also claims that thought 
| without language is nebulous. While not 
going so far as to say that without language 
| all thought is nebulous, I find Saussure's 
, general thesis reasonable. Meaning and 
the linguistic code are best treated as 
} though they were elements of a compound, 
| much in the way that oxygen and hydrogen 
are the separate elements which combine 
to form molecules of water. That is, the 
two are not usually experienced separately, 
! though they are distinguishable. 
The thesis that infants use meaning as a 
| clue to the linguistic code rests on the 
assumption that in the period when infants 
begin to learn language, their thought is 
more developed than their language. Sup- 
port for this assumption is to be found in 
the work of Vygotsky (1962), Piaget (1963), 
and Sinclair-de-Zwart (1969), who adduce 
evidence that the development of thought 
is at first independent of language. They 
| emphasize that at about the age of one, 
| when an infant begins to understand 
| language, he has already made many ob- 
servations on the world about him, on him- 
| self, and on his own activities: he has suc- 
ceeded in classifying many things and has 
seen the relationship between, for example, 
his own activities and the movement of 
| various objects. 

'The thesis also has the support of the 
findings on cognition and affect in the deaf 
(for an overview see Vernon, 1971). 
Though there are difficulties in the inter- 
pretation of this work, it seems reasonably 
clear that persons who are severely re- 
tarded in language development neverthe- 
less reveal all the essentials of human 
thought processes and human affect. It 
follows that thought and affect are dis- 
tinguishable from language and that they 
can develop without benefit of language. 
It also follows that initially they can de- 
velop, independent of language, and out- 
pace the growth of language in normal 
children. 


Evidence from Vocabulary 


. At first sight it might appear that to 
learn the vocabulary of his language is the 
simplest linguistic task which confronts 
the infant. It might appear that all he 
has to do is to relate objects in the external 
world with their names. However, this 
illusion of simplicity soon disappears when 
we reflect on the vocabulary itself. Not 
only are there numerous names and de- 
scriptive terms which can be applied to a 
single object, but it soon transpires that 
descriptive terms refer to objects only 
through the speaker’s complicated net- 
work of concepts (see Odgen & Richards, 
1938). But how is the infant to match 
words and concepts? 

In Word and Object, Quine (1960) argues 
convincingly, it seems to me, that no 
empirical test or set of tests could ever 
convince a reasonable but sceptical linguist 
that what appeared to be equivalent terms 
in two languages were in fact equivalent 
in meaning. The example he gives is of a 
linguist in a strange country who hears 
what seems to be the word for a rabbit. 
How is he to know whether the word might 
not mean "fur" or "head" or “animal” or 
"rabbitlike shape" or indefinitely many 
other things? Since, however, linguists 
make such decisions all the time and since 
it would be obtuse to deny that they are 
highly successful, it follows that they do 
not behave like Quine's sceptical linguist. 
They must rely on cognitive strategies 
which they bring with them to the task of 
describing a language. 

Quine'sargumentscan be applied (though 
my use of them would not have his support) 
with few changes to the infant in the 
process of learning vocabulary. Like the 
adult linguist, the child's success depends 
on a set of cognitive strategies which func- 
tion as shortcuts in the task of relating 
symbols to a speaker's intentions. That 
there must be such a set is evident from 
the fact that neither in the linguistic code 
nor in the physical environment are there 
sufficient constraints to explain how an 
infant could have even the most superficial 


success. For example, children do not 
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form bizarre concepts to include foot and 
floor and exclude all else. There are € 
marked constraints on what will be dre 
together in a concept. Unfortunately 
study of these cognitive constraints, which 
at the perceptual level interested the 
Gestalt psychologists, has been larg l 
neglected, so most of what can be said 
about them is of a very tentative nature? 
lt is obvious that an inlant has the 
capacity to distinguish from the rest of the 
physical environment an object which his 


mother draws to his attention and names. 
It seems clear too that 


stances he adopts the st 
the word he hears as a na. 
as a whole rather than as a subset of its 
Properties, or for its Position, or weight, or 
worth, or any thing else. The same strategy 
would serve equally well in the numerous 
Cases where Something happens which 
draws an infant's and other people’s at- 
tention to a particular object and they use 
the occasion to mention the object’s name. 
Indeed the literature records several errors 
which, on the reasonable assumption that 
adults are good at guessing what children 
mean, show that the child is using just such 
a strategy (eg. Blount, 1969, p. 62). An 
example is to be found in Hoffman (1968) 
who recounts that at the age of 17 months, 
one infa ‘as studying used 
Stove as hot. The 
at her mother told 
h the stove saying 
ant took hot to be 
) The theory thus ex. 
emplified fits in with 


ely 


in such circum- 
Tategy of taking 
me for the object 


DOt to touc 
d the inf 


Some facts, Children 
€arn names for colors, shapes, and sizes 
only after they have learned names for 
many objects, That 1S, names for entities 
are learned before names for certain 
attributes, 

*In additi 


b Sel atten: 
; vents of the environment 
(see Miller, Galanter, & Pribram, 1960, Ch. 5). The 
Impact of the ethological work i i 
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However, names for at least some of 1 
various states, conditions, and activities i 
entities come very early. Daddy hale 
gone, sitting down, or clipping the A BOUE 
A loy can be broken. One can apes a like 
or close it. It is not that a sued dil 
sitting down is more clearly delineate ew. 
a color like red; the ipe Rss But 
category show enormous pe ie 
the categories differ in at has è States 
portant and highly relevant respec o 
and activities such as those just e 
are not permanent attributes o arm Mi 
Whereas colors and shapes usually E a 
there is a differential set in small Mr 
to attend to varying states and P End 
rather than unvarying attributes, wi ice 
look no further for an explant OE a E 
order in which the corresponding | 
learned. "T child 

A further hypothesis is tha pr 
will not learn the name for states ius name 
ties until he has firmly grasped t i 


best 
this 


i 
based on construct Mer 
would subsequently enable us to ae: 
whether a particular doubtful term ei ity 
toa variable state or toa seconde oi ; 
in the child's world. The age at w. de 
child learns the term would be D^ tien 

Some of the earliest words an pns sing 
to understand are proper names Mere or 
Out the named object’s individua ps and 
example, the names of his ie og: 
Sisters and the name of the fami objects 

ther names are shared by many 9 hol 
and connote what these objects conse 
in common, There are syntactic ng O% 
uences attached to the distinctior spea 
cannot speak of a Fido, but one eres th 
of a. dog. Yet it seems unlikely a i 
young infant can use such nier] names" 
tinguish between the two types 9 


all im 
On the other hand, it is not at 


rns 


un 
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probable that he should assume that certain 
objects such as spoons have only common 
names, while other objects such as dogs 
and people should have proper names? He 
may at first treat common and proper 
names when referring to the same objects— 
Fido is a dog—as optional proper names. 
If so, he will learn to differentiate when he 
discovers that only the family dog is called 
Fido, whereas all dogs are called dog. 

Initial investigation suggests that in- 
fants treat higher order common names 
as collective nouns. For example a two- 
year-old child will treat “toys” as a collec- 
tive noun which refers to a group of objects. 
Thus, while allowing that a particular 
object is a truck or a train, he will deny that 
it is a /oy. On the other hand, he knows 
well what is meant by his loys. Moreover 
his response—that the truck is not a toy— 
does not seem to depend on what the 
surrounding objects are. It is the same 
whether or not the truck is surrounded 
by other toys or by objects which are 
clearly not toys, like spoons and cups. 
Thus it seems as if, for the child, toy is not 
a hierarchical term which contains trucks 
as a subcategory. It remains to be seen 
how children get themselves out of this 
situation, but presumably it is by a process 
similar to that which enables them to dis- 
tinguish between proper and common 
nouns. 

The pronouns, too, might appear im- 
possibly difficult if we did not presuppose 
on the child’s part the ability to guess their 
semantic force. How else could he learn 
to say J when he is addressed as you? 
Indeed autistic children usually fail to 
make this reversal. 

So far we have dealt with some of the 
aspects of learning words which have 
eferents in the concrete world of the 
‘nvironment, but there are also words 
vhich seem to refer primarily to cognitive 
perators and only secondarily to physical 
bjects. Some such words, for example, 

? Indeed some preliminary observations made by 


Yancy Katz of small babies support the idea that 
hey do make this discrimination. 


4The work referred to in this paragraph is being 
one by Nancy Katz. 
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and, or, and true, are acquired very early. 
Slobin and Welsh (in press) record a 27- 
month-old child's correct and spontaneous 
use of and. Brown, Fraser, and Bellugi 
(1964) record all and more as well as some 
lor a 24-month-old boy. Even if some of 
the instances when such words are used 
are of doubtful validity, others seem 
genuine enough. It is inconceivable that 
the hearing of a logical term should gen- 
erate for the first time the appropriate 
logical operator in a child's mind. Indeed 
the only possibility of his learning such a 
word would seem to be if he experienced the 
need for it in his own thinking and looked 
for it in the linguistic usage about him. 


Evidence from Syntax 


One might imagine that an infant who 
addresses himself to the task of learning 
Syntax would to begin with adopt a simple 
hypothesis. He might, for example, sup- 
pose that a single semantic relationship 
would always be expressed by means of a 
single syntactic device or structure. Con- 
versely, he might adopt the hypothesis 
that any change in syntactic structure 
signaled a change in semantic structure. 
However, such strategies would probably 
be less of a help than a hindrance. Con- 
sider 1 and 2 in each of which the same 
message is expressed by two different sur- 
face structures: 


1. a. Give the book to me. 
b. Give me the book. 

2. a. My hair is black. 
b. I have black hair. 


Consider, too, 3 in which there is even a 
change in the syntactic category to which 
kiss belongs without any change in meaning: 


3. a. Give mea kiss. 
b. Kiss me. 


On the other hand, 4 shows that a single 
syntactic device can signal several different 
semantic structures: 


4. a. In a minute (time "when"). 
b. In a minute (time “how long"). 
c. In a box. 
d. In a temper. 


The task of the child is to detect the 
structures of syntax and relate them to 
semantic structures. The preceding ex- 
amples show that the two are related ina 
rather flexible manner. The consistencies 
and regularities of syntax are to some 
extent independent of those of semantics. 
How, then, does the infant manage to relate 
the two? In keeping with the main lines 
of this paper, my answer will be that he 
uses independently attained meaning to 
discover at least certain syntactic structures 
that are of basic importance, 

While I imag 


ine that this Position has 
the intuitive sy 


of 
Counter to the as- 
ad among linguists 
Must be, described 


assump- 
is so basic to the 
t merits more than 
nsider 5: 


tion today, the matter 
Present discussion that i 


a cursory dismissal, Co 
5. a. The bo 

b. The gi 

How is the infan 


sentences a 
la and 1b, 


Y struck the girl, 
rl struck the boy. 


at these two 


j Variants like 
or like 2a and 2b? 


* ecision to 
as stylistic Variants must 


d's appreciation that 
given to peo 
S. Thus the child 


€ notions of direc 
t the alternative Ways of 
n English, 
about how 
to unravel 
WO qualifica- 
all syntactic 
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€ mad M 
ade. First 
Puzzles must be o E 
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Indo-European languages does not corre- 
late with any nonlinguistic classification 
of objects. Further, the rule that deter- 
mines the number of the verb in English 
on the basis of the number of the surface 
subject is surely a purely syntactic one. 
Thus, though 6a and 6b mean roughly the 
same thing, the number of the verb is 
different in the two sentences: 


6. a. 


The boys strike the girl. 
b. 


The girl is struck by the boys. 


It is quite apparent then, t 
Child must have great skill in detecting 
the syntactic regularities of his language 
Whether or not they can be tied in some 
way to meaning. Something of the French 
child's skill in relating word endings to 
gender can be seen in Tucker (1967). 

The second qualification relates to the 
difference between discovering the syntactic 
devices of a language and stating them. A 
syntactic device which could not have been 
discovered without the aid of meaning 
might nevertheless be stated without any 
reference to Meaning. To illustrate, @ 
Person who was intent on distinguishing 
Fords from Chevrolets might begin by 
reading the tradenames which appear some- 
Where on every car. After a time, however, 
he might come to rely on the shapes of 
fenders, rear windows, etc. There would 
€ven be a certain advantage in switching 
from tradename to distinctive features, 
since the latter can be recognized at a 
greater distance, Similarly in the realm of 
language, For example, it is altogether 
improbable that a child could discover the 
difference between transitive and intransi- 
tive active verbs without the aid of mean- 
ing. The presence or absence of following 


noun phrases is not an adequate Criterion, 
as the examples of 7 show: 


that the 


7. a. John drove, 
b. John drove a car, 
C. John drove home, 
d. I walked, 


€. I walked home, 
The child must 
level that the 


Appreciate at Some cognitive 
effect on “car 


;, action of driving has an 
but not on "home," and 
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that the action of walking does not have 
an effect on “home.” 

The grammarian, on the other hand, 
might distinguish the two sorts of verbs 
by whether or not they have passives. 
Actually, this test is inadequate (see Lyons, 
1968, Ch. 8), but it will serve as an illus- 
tration. Let us now suppose that a list of 
verbs which have no passive forms has 
somehow been formed. It follows that 
one can tell whether or not a verb is in- 
transitive by whether or not it appears on 
the list. There is no need to refer to 
meaning. The fact, then, that children 
need meaning to establish the two classes 
of verbs and to decide which class a 
particular verb belongs to does not pre- 
clude the possibility or usefulness of formal 
tests which make no reference to meaning. 

But to return to the main line of the 
discussion, how does the infant use meaning 
as a clue to certain syntactic devices? The 
most likely avenue to explore here is the 
prior learning of vocabulary, principally 
nouns, verbs, and adjectives. It seems 
natural to suggest that children initially 
take the main lexical items in the sentences 
they hear, determine referents for these 
items, and then use their knowledge of the 
referents to decide what the semantic 
structures intended by the speaker must be. 
This is in fact the strategy implicit in my 
treatment of examples 1 to 7. Once the 
children have determined the semantic 
structures, their final task is to note the 
syntactic devices, such as word order, 
prepositions, number affixes, etc., which 
correlate with the semantic structures. 
Such a strategy will yield most of the main 
syntactic devices in the language. 

It is important to note, however, that 
the establishment of different semantic 
relationships among the formatives of a 
sentence does not immediately establish 
different syntactic relationships. For ex- 
ample, the relationship between boy and 
ball in 8a is quite different from the relation- 
Ship between them in 8b: 


8. a. The boy kicked the ball. 
b. The boy liked the ball. 


Yet in each, ball can be taken as the gram- 


matical object of the verb. On the other 
hand, the relationship between J and home 
in 9a is different both syntactically and 
semantically from the relationship between 
them in 9b: 


9. a. I like home. 
b. I walk home. 


The fact that home is not the direct object 
of walk in 9b is indicated by the fact that 
most nouns which follow walk are preceded 
by fo or toward: one walks to town, to the 
table, toward the door. Perhaps the child 
notes this fact and combines it with the 
semantic information to arrive at the con- 
clusion that the syntax of sentences such 
as 9b is different from that of sentences 
like 9a. This is of course highly speculative, 
but two general conclusions seem war- 
ranted: (a) the child cannot discover many 
syntactic structures without the aid of 
meaning, and (b) the child is prodigiously 
skilled at noting the regularities in the 
language which he hears. 

The hypothesis that prior knowledge of 
vocabulary items and their referents is 
basic to the learning of syntax suggests 
that we return for a moment to some of the 
ideas discussed in the section on vocabulary. 
There it was noted that children at one 
stage take a word like /oys as a collective 
noun rather than as a higher order noun 
with subcategories, truck and doll It 
follows that toys should always be plural 
for the child at that stage, and that while 
he will understand 10a he will either not 
understand 10b or treat it as equivalent 
to 10a: 


10. a. Those are your toys. 
b. That is your toy. 
c. A truck is a toy. 


It follows further that he will not under- 
stand sentences like 10c in which the same 
referent is placed in two classes at once. 
Some of these matters are testable, but to 
go further at the present time would be to 
court disaster. 

So far in this section, we have been con- 
cerned with declarative sentences, but there 
are of course many other forms of speech 
act such as questions and commands. 
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How the child learns to categorize speech 
acts correctly is almost a complete mystery, 
except that his doing so also presupposes 
an ability to determine the nature of the 
act independent of its syntactic form. In 
this connection, two observations will have 
to suffice. Lieberman (1967, pp. 44 ff.) 
cites evidence for the existence of an 
innate tendency in babies to react posi- 
tively to friendly tones of voice and 
negatively to angry ones. Perhaps re- 
peated commands tend to assume an angry 
tone, and so an angry tone might come to 
be taken by the child 
he is either to do Something or Stop doing it. 
Later in the same book (p. 132), Lieberman 
examines 14 languages and finds that in 12 


naturally to take rising 
that a question is being asked? 

But apart from such Suprasegmentals, it 
seems clear that there must be a set of 
universal signs, of face, physical gesture, 
and bodily movement 


set is growing 
1971), but as yet little is 
understood about how th 


learning of language. 


Important area of research. 
time we will 


with the obse; 


wishing 
rm certain acts, etc. 
t be either 
hout benefit 
a set of 


1 lookout 
for means of expressing them, nonverbal 


as well as verbal, and in this way come to 
discriminate the forms of different speech 
acts. : ' 
These suggestions of how an infant might 
ise independently attained meaning to dis- 
vidis syntax are of course tentative. Yet 


they have the general support of several 
of the findings about the production of 
speech. For example, the suggestion that 
Prior knowledge of vocabulary is vital to 
the learning of syntax fits well with _the 
initial stages of speech production. First 
come single words that, as Bloom (1970), 
McNeill (1970), and several others have 
pointed out, infants employ to express a 
variety of semantic structures. Thus the 
single word milk can express: “This is milk, 
“Isgthis milk?,” “I want milk," “I want 
more milk," etc. This indicates a heavy 
reliance on vocabulary items without sup- 
porting syntax. Moreover, when the child 
comes to combine words into two-word 
sentences, he continues to omit many of 
the syntactic features which adults include, 
Such as plural and possessive markers, 
tense markers, auxiliaries, articles, etc. 
Yet Bloom (1970) has argued very forcibly 
that he does so for lack of syntactic process- 
ing space rather than for lack of semantic 
sophistication, and she was the support of 
many scholars in the area (see, e.g., Brown, 
1970; McNeill, 1970; Schlesinger, 1971). 
The point is equally clear when we con- 
sider children’s attempts to repeat adult 
sentences. Brown and Bellugi (1964) and 
Brown and Fraser (1964), for example, 
pointed out that When required to repeat 
Sentences, small children fasten onto mean- 
ing, drop the function words such as 
Prepositions, and convey the substance of 
the message by means of the principal 
words. Slobin (1971) examines the data 
from several studies of child language in 
many countries and many different lan- 
guages, and claims that such “telegraphese”’ 
is one of the universals of language learning. 
In this connection it is also interesting to 
note the several suggestions in the literature 
that parents pay little attention to their 
small children’s grammar, and only correct 
them on points of fact and discipline (see 
Bellugi-Klima, cited in Cazden, 1969). 
This observation, which js repeated in 
Gleason (1967), in Brown, Cazden, and 
Bellugi (1969), and in Brown and Hanlon 
(1970), implies that children learn grammar 
incidentally while parents attempt to put 
their thoughts and behavior right. How- 
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ever, too much must not be made of this 
point since children can learn from their 
parents remarks only if they can under- 
stand them, which probably implies after 
the very earliest stages, some knowledge 
of adult syntax. Indeed Shipley et al. 
(1969) found that small children made good 
use of adult syntactic devices in under- 
standing adult sentences even if the 
children did not employ such devices in 
their own speech. 

There is one further support in the 
literature for the thesis that in language 
learning the thrust to learn syntax comes 
mainly from meaning. It is the observa- 
tion that children acquire first those gram- 
matical devices which have a clear semantic 
force, such as numerous uses of tense and 
number markers, and only later acquired 
those which, like gender, have not (see 
Slobin, 1966). Indeed Slobin (1971) erects 
this into a tentative universal: 


Rules related to semantically defined classes take 
precedence over rules relating to formally defined 
classes. 


I only know of one argument against the 
general thesis of this section. In an other- 
wise stimulating paper, Bever (1970, pp. 
305-306) argued against the primacy of 
semantics in language learning. He pre- 
sented sentences such as 11a and 11b to 
small children of varying ages: 


11. a. The mother pats the dog. 
b. The dog pats the mother. 


He required them to act out the meanings 
of the sentences with toys and found that 
relative to their performance on sentences 
like 11a, two-year-olds performed better 
than older children on sentences like 11b. 
That is, the two-year-olds seemed to be less 
upset by the improbability of the second 
type of sentence. Bever argues: 

The implication of this is to invalidate any theory 

of early language development that assumes that 

the young child depends on contextual knowledge 


of the world to tell him what sentences mean 
independent of their structure [p. 306]. 


This is i Perplexing interpretation, seeing 
that in fact the Younger children had in- 
terpreted the improbable sentences cor- 


rectly more often than one might have 
expected. After all they were doing just 
what they were told. Besides, in abso- 
lute terms, the older children gave more 
correct responses to the improbable sen- 
tences. Indeed all sorts of explanations for 
the results other than the one given by the 
author come readily to mind. 


Evidence from Phonology 


The relationship between speech sounds 
and meaning is quite as loose as that be- 
tween syntactic structures and meaning. 
A single speech sound either on its own or 
in combination with others frequently 
signals many different meanings, while 
just as frequently a variety of speech 
sounds signal a single meaning. Examples 
of the first sort of complexity are well 
known and beloved by punsters. There is 
meat and meet, or watch in the sense of 
"look at" and watch in the sense of “time 
piece." The other type of complexity is 
less well known and is worth spending some 
time on. 

Phonological theory distinguishes be- 
tween two major sorts of variation in the 
speech sounds of a language, one which is 
accompanied by variation in meaning and 
one which is not. Languages vary con- 
siderably, however, in their rules for as- 
signing a particular variation to one 
category rather than another, and so the 
infant has to /earm which is which. Ex- 
amples of variation in sounds which are not 
accompanied by variation in meaning are 
many of the regional variations in the 
pronunciation of English or even the 
peculiarities of individual speakers. An 
example of a variation in sound which in 
English conveys a difference in meaning is 
that between ship and sheep. The interest 
of this example is that Spanish speakers 
have great difficulty in noticing the change 
because in Spanish it is of no importance, 

I will give one further example to under- 
score the complexities in phonology which 
an infant may encounter and the need for 
access to meaning in order to master them. 
In modern Irish, the initial consonant of 
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the word bdd (boat) is modified after the 
definite article as indicated in 12: 


12. Case Normalscript First consonant 


Nom. An bád [b] 
Gen. An bháid [v] 
Dat. An mbdd [m] 


What is noteworthy is that elsewhere in 
Irish, initial [m] and [b], for example, are 
contrasted as can be seen from the pair, 
moladh (praise) and boladh (smell). How- 
ever, after the article in the dative case 
the initial [b] of boladh is replaced by [m] 
so that it sounds identical with moladh. 
We have, then a variation in sound which 
is sometimes accompanied by a variation 
in meaning and sometimes not. 

In all, we have discussed three types of 
phonological variation, one accompanied 
by change of meaning, one not accompanied 
by change of meaning, and one which is 
sometimes accompanied by change in mean- 
ing and sometimes not. We began this 


Section with Changes in meaning without 
any change in sound. 


How is the infant 
to find his way through this many branched 
puzzle? 


The answer must be th 
able to relate sound an 
he is able to tell what the Speaker is speak- 
ing about independent of the speaker's 
language. This follows naturally from the 
evidence presented. The infant cannot use 
the sound system of a language to get at 
the meaning until he has learned the sys- 
tem. There seems to be little in the sound 


system itself which could direct the child 
in the choice i 


to 


at the infant is 
d meaning because 


How- 


„he e meaning and 
has sufficiently acute powers of auditory 


discrimination to begin with,® the infant 
can use meaning as the key to the sound 
system and thus arrive at the most ele- 
mentary building blocks of his language. 
Roger Brown (1958, pp. 213 ff.) describes 
a highly relevant experiment in his chapter 
5 There is now some evidence 
born with very fine powers of 
speech sounds, and that learning 
mainly in ignoring differences in 
vant materi. 
(in press). 


that infants are 
discrimination for 
for them consists 
sound. The rele- 
al is well reviewed in Kaplan and Kaplan 


on the original word game. He showen 
chips of different colors to ative Engish 
speakers; each color was “named” wit 34 
nonsense syllable. Certain syllables dif- 
fered only in vowel length which is mt 
phonemic in English. The subjects w 
asked to group the chips in accordance wit : 
their names. Brown found that length o 
vowel was ignored if the corresponding 
chips differed little in color, but if the dif- 
ference in color was marked, then oe 
groups of chips were formed to correspond 
to the long and short vowels. In other 
words, subjects used the physical properties 
of the objects named as clues to the phono- 
logical units employed in naming them. 
"Though his subjects were adults, the con- 
clusion can be extended to infants without 
undue hesitation. , 
The claim that the infant uses meaning 
as the key to phonology needs to be 
filled out with details of how he does e: 
but unfortunately we know very little nd 
the process. My remarks here are intende 
mainly as suggestions for further investiga- 
tion. Let us begin by returning to the 
Irish example. Clearly the infant must 
use the fact that the referent is constant 
to arrive at the appreciation that [bád ], 
[váid], and [mad] are all different realiza- 
tions of the same Phonological entity. 1n 
other words there are three different surface 
realizations of the same underlying morpho- 
phonemic form. Similarly, he must use the 
fact that moladh and boladh refer to different 
things (at least in equivalent environments) 
to avoid the mistake of treating these two 
words as different realizations of the same 
morphological entity. But while such a 
strategy works well for the examples 
gave, how is the infant to avoid applying 
the constancy-of-referent strategy indis- 
criminately with disastrous phonological 
consequences? For example, Fido and dog 
might well be used to refer to a single 
animal, but to treat them as different sur- 
face realizations of the same Phonological 
deep structure would be fatal. Little and 
small have more or less the same meaning; 
but they are phonologically quite distinct. 
The solution is that the various realiza- 
tions of the Irish word bdd are instances 
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of a very general and simple phonological 
regularity. The rule for the dative (some- 
what simplified), for example, is to voice 
the initial consonant if it is unvoiced and 
if it is voiced to replace it with the hom- 
organic nasal (ie., the nasal most closely 
related from an articulatory point of view). 
Part of the child's capacity to learn a 
language is his ability to detect such phono- 
logical regularities. Meaning alone cannot 
reveal them, though it probably directs the 
child to look for them. There are no 
phonological regularities relating Fido and 
dog or little and small. In the absence of 
such regularities the infant does not at- 
tempt to relate them phonologically despite 
the correspondences in meaning. 

To learn a language involves relating a 
system of intentions to a phonological 
system. To know the one is not ipso facto 
to know the other. Indeed the two are 
often related only through a complex 
system of syntax. I have had to have re- 
course to the syntactic system more than 
once in the foregoing discussion. For 
example, the phonological modifications of 
initial consonants in Irish are a function of 
syntactic rules which presumably must be 
learned together with the phonological 
modifications themselves. Thecombination 
of phonology and syntax are also presum- 
ably involved in the explanation of how 
the infant manages to distinguish such 
homonyms as meat and meet, and such 
nonhomonyms as moladh and boladh. This 
is hardly surprising in view of the fact that 
phonology and syntax are theoretical dis- 
tinctions which are employed in the de- 
scription of what is experientially a unit, 
the speech act. To explain the learning 
of phonology by means of syntax is not, 
however, to abandon the main thesis of 
this paper. In the previous section I 
argued that the learning of most basic 
syntactic relationships is possible only 
with the aid of meaning. 


CONCLUDING REMARKS 


I have treated of the learning of vo- 
cabulary, Syntax, and phonology in sepa- 
rate! sections, but the three could not be 
kept apart. It was necessary to base the 


learning of syntax in large part on knowl- 

edge of vocabulary, and it was necessary 

to base the learning of phonology in some 

part on knowledge of syntax. At this point 
it might be as well to correct the impression 
that infants use meaning to learn vo- 
cabulary, vocabulary to learn syntax, and 
syntax to learn phonology. It was not my 
intention to propose anything so neat. It 
is evident that some syntactic learning 
cannot be based on a knowledge of the 
referents of the lexical items employed. 
Similarly, phonology cannot be entirely 
dependent on prior knowledge of syntax. 
To argue that it was would be to argue in 
à circle, because without some independent 
grasp of phonology one could not perceive 
either words or syntactic devices. One 
cannot at once make the perception of 
vocabulary and syntax dependent on knowl- 
edge of phonology and make knowledge 
of phonology dependent on knowledge of vo- 
cabulary and syntax. The way out of this 
circle is to recognize that the interdepend- 
encies are only partial, though it is im- 
portant to appreciate that at present 
they are quite obscure. 

I have continually insisted on the child's 
possessing nonlinguistic cognitive processes 
before he learns their linguistic signal. By 
this I do not intend to endow the infant 
at birth with a complete ready-made set 
of cognitive structures. I accept Piaget's 
thesis that children gradually develop many 
of the cognitive structures, which they em- 
ploy in association with language. Neither 
do I suggest that the child has a complete 
set of cognitive structures at the moment 
when he begins to learn language. All 
that is needed for my position is that the 
development of those basic cognitive struc- 
tures to which I referred should precede 
the development of the corresponding 
linguistic structures. Since the acquisition 
of linguistic structures is spread over a 
long period, there is no reason that the 
acquisition of the corresponding nonlin- 
guistic ones should not also extend well 
into the period of language learning. 

l have repeatedly compared the infant 
to a linguist engaged in describing a 
language which to him is new. This seems 
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ir comparison provided the limp is 
cen à endo the infant does not 
produce explicit rules whereas the linguist 
does. The linguist aims to make explicit 
the native speaker’s latent knowledge. 
Otherwise the tasks of infant and linguist 
are similar. Hockett (1961) points out 
that in fact no linguist has ever succeeded 
in deciphering a language without making 
use of meaning. He instances the Rosetta 
Stone which carried the same message in 
three languages, Greek, Demotic, and 
Hieroglyphic Egyptian. Because they 
knew Greek, Young^and Champollion suc- 
ceeded in deciphering the other two lan- 
guages which no one at the time was able 
to read or understand. Similarly, Old 
Irish was deciphered by a Bavarian scholar 
named Johanne Kasper Zeuss. He worked 
on seven Latin manuscripts which carried 
glosses in Old Irish explaining the text. 


His great work, Grammatica. Celtica. 
peared in Latin in 
of Old Irish. 


It is not too f. 


, ap- 
1853, the first grammar 


anciful to think of the 
infant as treating the sentences he hears 
as glosses on the events that occur about 
him. The grammar he writes is not in 
Latin or in any other language, but in some 
neurological code of which as yet not a 
single letter has been deciphered. 
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This psychophysical theory involves the following fundamental assumptions. 


At a hypothetical neural decision center 
several independent, parallel Poisson proce 
function of physical intensity. All decision 


ignal intensity is represented by 
whose rates are the same power 
about signal intensity are based on 


the observed times between successive neural pulses. The total number of these 


times observed per channel is 


is the sum of the decision | 
the decision rule, and 
Decision rules are sug 
mation, detection, and 
from the theory in these c. 
familiar generalizations, 
relation between reaction time 
Crude estimates of all parameters— 
number of parallel channels, the s 
residual times—are 
experimental designs 


Elsewhere we have begun to evolve and 
test a detection and response time theory 
Which, at least for pure tones of different in- 
tensities, seems to have merit (Green & 

) Luce, 1967, 1971, 1972; Luce, 1966; Luce & 
Green, 1970). In this paper we formulate 
the theory more generally and show how it 
applies to a variety of psychophysical and 
reaction time (RT) designs. 

The theory is based on three fundamental 
postulates which we now state; they are 
discussed more fully below. 


1. The output of a sensory system, such 


as the ear, is treated as a set of sequences of 


discrete, brief events—"neural’”’ pulses—on 


parallel channels with the following prop- 
erties: (a) The duration of each pulse is 
negligible; (6) the times between successive 
pulses—the interarrival times (IATs)—on 
each channel and between channels are in- 
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at the option of the subject, up to the size of a 
memory store which is emptied when a decision is made. Ove 
atency, which depends both on th 
a residual latency which is only assumed to be bounded. 
gested for discrimination, recognition, magnitude esti- 
simple reaction time designs, and predictions are derived 
ases and compared with existing data. M 
Such as Weber's and Bloch's laws and the inverse 
and intensity, derive naturally from the theory. 
the exponent of the power function, the 


ze of the buffer store, and the bound on the 
provided for sound intensity; 


appear to be reasonably consistent. 


all response time 
gnal intensity and 


Various 


estimates from different 


dependent random variables (RVs); (o) 
when the intensity of a signal is constant, 
the IATs have a common distribution with 
an expected value that is a strictly mono- 
tonic decreasing function of the signal 
intensity. : 
We make two subsidiary assumptions 
which are conceptually quite secondary but 
are mathematically convenient and, ap- 
parently, are approximately correct. First, 
when the signal intensity is constant, these 
stochastic processes are assumed all to be 
Poisson processes with the same intensity 


parameter u.” This means that on any one 
channel, the common distribution of the 


independent IATs is exponential and so, 
by 1c, its intensity parameter 1 is a strictly 
increasing function of the signal intensity. 
Second, we shall assume that the latter 
function is, in fact, a power function. As 
we shall see, at least three different em- 
pirical results support this assumption, 

2. Decisions as to when and/or what to 
respond are determined by decision rules 
that can be stated in terms of certain I[ATs, 

* Undoubtedly, the v; 
in different channels, 


by replacing the actu 
ones. 


alues of the parameters differ 
Our idealization is obtained 
al parameter values by average 
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The principle underlying these rules (de- 
rived from 1c) is that any IAT is an esti- 
mate of (a monotonic function of) the 
signal intensity. We deal in this paper 
with only the simplest rules in which either 
a fixed number of IATs are observed or 
observations are continued until the first 
IAT occurs that is less than a criterion. 
Such models we call timing models. The 
time until a decision is reached is called the 
decision latency. 

One feature of the decision center is that 
it can store only a limited number of [ATs 
at any one time. Sometimes, the observed 
behavior is limited by this storage capacity ; 
other times it is limited by signal duration, 
which in effect limits the (expected) number 
of IATs. 

3. The residual latency, which is defined 
as the overall RT less the decision latency, 
isan RV that is bounded and is independent 
of the decision latency. 


Relation to Counting Models 


The analysis of human sensory systems in 
terms of Poisson processes has become in- 
creasingly popular (Barlow, 1956, 1957; 
Bouman, 1961 [see references given there]; 
Creelman, 1961; Grice, 1968; Kohfeld, 
1969; McGill, 1963, 1967; McGill & Gold- 
berg, 1968; Siebert, 1965, 1968, 1970). 
The appeal is twofold: First, the observed 
all-or-none character of neural pulses in- 
vites description in terms of a continuous 
stochastic process. Second, of the possible 
processes, the Poisson is mathematically 
the most tractable and, as we argue below, 
is a tolerable approximation to some periph- 
eral neural data. All of these other theories 
share the assumption that decisions are 
based not on IATs, but on a count of the 
Poisson events occurring within a pre- 
scribed time. The difference in our ap- 
proach is exemplified by the problem of 
estimating an instantaneous heart rate. 
dw one can count the number of beats 
dE period of time and then calculate 

"age rate, or one can use the recip- 
" ‘We follow the en 
time" for any time t 


and "latency" for any 
construct of a theory, 


vention of using the word 
hat we can observe directly 
time that is an unobservable 


rocal of the time between the two successive 
beats spanning the instant of interest. The 
former estimate, which is usually based on 
a larger sample of IATs, is less variable, but 
because the average is constructed over 
some time period, it is not terribly sensitive 
to brief fluctuations in the heartrate. Since 
the detection of faint and/or brief signals 
that may arrive at any time is similar to 
noticing brief changes in the heart rate, we 
find the IAT decision rules appealing. In 
any event, timing models are worth in- 


vestigating. Moreover, by emphasizing 
IATs rather than neural counters or 
accumulators, we avoid many of the 


elaborate and often ad hoc assumptions 
which are made concerning the memory 
for or integration of sensory information. 
It also has the distinct advantage of allow- 
ing one to derive the distribution of re- 
sponse times from the same assumptions as 
are used to arrive at the various stimulus- 
response probabilities, thereby permitting 
a more unified treatment of psychophysical 
and response time processes. Finally, cer- 
tain empirical generalizations, such as 
Bloch's and Weber's laws, derive naturally. 


Discussion of the General T'heory 


We repeat and discuss more fully our 
postulates. First, the sense organ, in our 
experimental studies the ear, is assumed to 
be a transducer that converts the intensity, 
I (s), of the incoming fixed-frequency signal, 
s, into several trains of pulses with inde- 
pendent IATs. The intensity is represented 
by the temporal pattern of the pulses, not 
by their amplitude or spatial location; as a 
result, there is an inherent temporal am- 
biguity in knowing when changes of the 
input signal occur. In the case of constant 
intensity signals, we assume that the out- 
put on each of several channels is a Poisson 
process with intensity parameter x (s) that, 
by assumption and confirmed by experi- 
ment, increases with /(s). (This can be 
generalized to nonconstant intensities by 
assuming that the hazard function of the 
stochastic process is a strictly increasing 
function of Z (s).) 

Since the pulses we are talking about are 
those on which decisions are based and 


ot 
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hence are, presumably, located somewhere 
central in the brain, and since the properties 
most pertinent to our assumptions have 
only been carefully measured in neurons 
in the periphery, it js not clear whether 
the existing physiological data are relevan t 
According to Grossman and Viernstein 
(1961), Rodieck, Kiang, and Gerstein 
(1962), and Kiang (1965, especially pp. 95- 
101), successive IATs in the auditory 
nerves of cats are usually independent of 
each other, but their distributio 
best not quite exponential, and sometimes 
are decidedly not exponential. In the best 
cases, the observed distribution of IATs do 
not rise vertically at 0, but re 
value only after a few 
ing which they 
by an exponential decay 


ns are at 


However, 
son, and Hind (1967; 


; Anderson, Hind, & Rose, 
1969; Hind, Anderson, Brugge, & Rose, 


Rose, Brugge, Anderson, & Hind, 
1969), using very refined techniques on the 
Squirrel monkey, have Shown that the dis- 
tribution appears to be very nearly geo- 
metrically spaced at the period of the input 
signal. hertz (Hz.) tone, 


approximately multiples of 1 
millisecond (msec.) and h 


q. Similar 
AT data, with pulsed cl 


and, 


Ximation in 
the exponential 
can be replaced by, for ex 
distribution, but many 
expressions will result, Two useful Surveys 
of statistical analyses of single-unit 
are Kiang (1968) and Perkel and 
(1968). 

As we said, these d 
vant to our postulate, 


many cases, 
distribution 
ample, a gamma 
fewer closed-form 


activity 
Bullock 


ata may not be rele- 
It should be noted 


that if a number of independent a 
stochastic processes with independent A i s 
are added, as may happen in parts o ae 
nervous system, the resulting process us s 
toward the Poisson independent of the 
distribution of the original IATs. m 

There are relatively few data eT 
directly on the dependence of n mr 
in particular, on the constancy of y w à 
constant / and on the discontinuous change 
in » when we change the intensity dg 
tinuously from one constant value to 
another, as in most psychophysical a 
ments. Kiang's (1968) data suggest tha 
# decreases over a period of minutes Tr 
constant intensity signal, but over seconds 
the effect is negligible. He has also ob- 
served fibers in which a(s) increases for ) 
while with 7 (s) and then diminishes as I(s 
is further increased. R 

As we shall see, psychophysical data in- 
directly suggest that for constant intensity 
signals, 


= Jels) — hys if I(s) > Io 
aG) = 0, if I(s) < Lo, 
where @ and y are constants. Psycho- 


physical data permit us to estimate ys but 
not a. To anticipate, the exponent y 1S 
obtained by magnitude estimation methods. 
S. S. Stevens (1970) marshals evidence to 
Support the view that neural firing rates 
and other physiological measures of neural 
activity are power functions of intensity. 
The second major component of the 
theory is a decision center that processes 
the sequences of pulses in some fashion to 
decide when to respond and/or which 
response to make. Since the IATs are 
independent and, with a constant intensity 
signal, identically distributed (actually, 
exponentially distributed under the Poisson 
assumption), it is plausible to assume that 
all decisions can be formulated in terms of 
the values of certain IATs, Exactly how 
decisions are reached depends both on in- 
herent features of the nervous system and 
on the exact experimenta] Situation, in- 
cluding our instructions and information 
feedback. By imposing different extreme 
experimental Conditions, various limita- 
tions of the nervous system will become 
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dominant, and we thus hope to discover 
what they are. Our tactic will be to 
generate a variety of models® as we consider 
the observable consequences of various 
decision rules. The common feature of all 
of the rules described in this paper, how- 
ever, is that decisions are based on com- 
parisons of means of [ATs with each other 
or with a criterion; thus, the mean IAT 
plays a role somewhat comparable to the 
likelihood ratio RV in the theory of signal 
detectability (TSD; see Green & Swets, 
1966). 

The basic principle underlying all of the 
decision rules is that each IAT is an esti- 
mate of the signal intensity; this stems 
from the assumption that the expected 
value of the IAT is a monotonically de- 
creasing function of the signal intensity 
(under the Poisson assumption, an IAT is 
an estimate of 1/u(s)). With this principle 
in mind, three simple decision rules arise 
depending on the experimental design. 

First, there are experiments in which the 
onset of a (possible) signal is well defined, 
and the problem is to identify which signal 
is being presented (included are yes-no 
detection, recognition, and magnitude esti- 
mation) In such designs, one or more 
IATs can be observed under the prior 
knowledge that they all arise from the same 
(Poisson) process. The rules that we shall 
examine have, at most, three free parame- 
ters: the number, J, of parallel channels 
(nerve fibers) over which intensity infor- 
mation is transmitted; the number, x, of 
IATs per channel that a subject collects 
before initiating a response, and (some- 
times) a criterion, 8, against which the 
mean of the [ATs is compared. When the 
subject is under considerable time pressure, 
for example, in certain RT experiments and, 
às we argue below, whenever the signals are 
both faint and brief, we shall assume x = 1. 
When there is no time pressure, the value 


* We follow the convention of saying that a specific 
ies rule for an experiment coupled with the 
other postulates of the theory is a model for that 
experiment. The experimental rejection of a model 
will be interpreteq as the rejection of the decision 
rule, not the theory. Of course, if a sufficiently 
large number of plausible rules fail, the theory 
itself becomes suspect. 


of x must be estimated. It is clear that 
were the subject free to make « arbitrarily 
large, he could, at the expense of taking 
enough time, make arbitrarily fine dis- 
criminations, which empirically is im- 
possible. This leads us to postulate the 
existence of a buffer store in which only a 
limited number of IATs can be held prior 
toa decision. The size of the buffer, A, can 
be estimated from psychophysical experi- 
ments using brief but intense signals, such 
as recognition and magnitude estimation 
experiments, 

Complications arise because it is not 
always clear which decision rule to assume; 
even when we restrict ourselves to rules 
only involving ATs and we specify J and x, 
several alternatives seem equally plausible. 
A particularly thorny problem is how to 
treat simple detection experiments when 
the signal is presented only for a brief time. 
Just how should pulses that occur outside 
the observation interval be handled? It is 
evident that the observer ignores those 
events that occur far outside the listening 
interval, but it is unclear how sharply the 
observer's timing information can be used 
to demark the listening interval. Further- 
more, the effect of this uncertainty must 
vary with signal intensity. 

In those experiments in which the signal 
is presented for some fixed duration, there is 
a real possibility that the subject simply 
samples some fixed interval in time and 
counts the pulses in that interval. This is 
the usual analysis given by the counting 
models. If this is the case, then latency 
information should reflect variation in the 
end of this interval and in other fixed de- 
lays, but should be independent of which 
signal was present in the interval. We 
work out two timing models. The first 
simply waits for a neural event to terminate 
the trial, even if that event occurs well out- 
side the listening interval. The second 
model assumes that IAT information 
initiates a response if it occurs before a 
deadline, which is set at the end of the 
listening interval, and initiates a response 
at that time if not before. It may well be 
that details of the instructions and the 
payoffs of the experimental task determine 
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whether the counting or timing model is 
correct in these experiments with fixed 
signal durations. In many fixed signal 
duration experiments, with no time pres- 
sure, the counting models probably provide 
the more plausible theory. 

Second, there are experiments in which 
two or more signals are presented at well- 
defined times during each trial (included 
are forced-choice and pair-comparison de- 
signs). A mean IAT can be observed for 
each signal interval, with some number 
k = Jk of observations entering into each 
mean, and then the means compared in 
order, for example, to decide which interval 
contained the most intense signal, 

Third, there are experiments in which 
neither the occurrence nor identity of the 
signal is at issue, but only its time of 
occurrence (included are RT designs with 
random foreperiods and the method of free 
response), Here the task of the subject is 
to notice, by observing IATs, when the 
signal intensity is changed,’ and the natural 


rule is for the subject to establish à criterion 
B with which he co 


of successive LA’ 
that running 


criterion f, 


ık — 1 for 
the RT experiment with random fore- 
periods, special argument is used to 
generalize the results t0J > 1. Consider- 
ably more research is needed on this class 
of rules, 

Of Course, rules other than these three 
types are possible, One of the most 


signs are truncated 
ave not undertaken 
arily because of the 


great difficulty one has in obtaining explicit 
expressions for response time densities, 

€ By the dictionary definition, 
ideal term for this cl 
word has long been a 
recognition designs a 


forced-choice in which 


Nevertheless, they should be explored in 
the context of this theory. Two papers 
relevant to optimal detection for somewhat 
different stochastic processes are Bather 
(1967) and Shiryaev (1963). . » 

For experiments in which the signal onset 
is clearly signaled in another modality, 
another type of rule is possible which takes 
advantage of a property peculiar to bd 
Poisson process. This is the fact that t 
time from an arbitrary random event, such 
as the signal onset, to the next pulse of the 
process is an RV with exactly the same 
distribution as that of the IATs. Thus, 
decisions become more efficient if these 
times are combined with the IATs. rhe 
whole paper can be reconstructed using 
this type of rule. We elected not to use it 
for two reasons. First, if the process is ngt 
strictly Poisson, then the time to the first 
pulse after an event does not have the same 
distribution as that of the IATs and, in 
general, it would be a mistake to treat it in 
the same way. Second, life has evolved in 
a world in which the potential onset of a 
signal is rarely clearly marked in any way— 
most signals go unnoticed unless they 
attract attention to themselves—and so w 
would be surprised if a mechanism would 


dye 
have evolved just to take advantage of the 
extra information avail 


having trials, 

It should be noted that in all cases where 
We use a criterion $, we assume that it is 
maintained at a constant value throughout 
an experimental run. This is almost cer- 
tainly wrong as the existence of trial-by- 
trial sequential effects argues. Our strategy 
is to assume that the variability in f is 
sufficiently small so that we can bury it in 
the variability of the IATs without too 
gross an error. Later, if certain decision 
rules seem viable, we will have to use 
Sequential data to separate IAT and f 
variability, 

The present decision rules are wholly in- 
adequate to handle Írequency discrimina- 
tion. One possible approach is to suppose 
that different frequencies activate different, 
overlapping sets of Parallel channels, and 
the subject attempts to identify from the 
Observed IATs Which subset is activated. 


able in experiments 
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For low frequencies, another approach is 
suggested by the data of Rose et al. (1967), 
namely, that frequency can be inferred 
from the discrete pattern of the IATs, 
which are multiples of the period of the 
input Signal, but subject to some random 
variation. 

Since the pulses are strung out in time, 
no matter which rule we postulate some 
time is consumed in arriving at a decision. 
In those situations with a well-defined 
signal onset, we can observe a response 
time, part of which is contributed by the 
latency of the sensory decision process. 
Because the expected value of the IAT in- 
creases with decreasing signal intensity, 
the decision latency and so the observed 
response time is magnified by using weak 
signals. In a sense, weak signals serve as 
our ''microscope" to explore these ele- 
mentary, but basic decision mechanisms of 
the brain. 

We use the letter ‘7’ to denote the 
generic density of sensory decision latencies, 
sometimes adding subscripts to identify 
which signal was presented and which re- 
sponse was made. Most of the mathe- 
matical work in the theory involves using 
the assumed decision rule and the other 
postulates of the theory to derive expres- 
sions for the various decision densities. 
These formulas include as parameters such 
things as the Poisson intensity parameters 
of the sensory output and, where appro- 
priate, J, x, and B. 

The third major component of the theory 
is the sum of all times taken to complete 
the response excluding the time absorbed 
by the decision process. This includes, at 
least, the times (a) needed to transduce the 
energy into pulses, (b) required for a pulse 
to travel from the transducer to wherever 
decisions are made, (c) taken in travel from 
there to the locus of the response, and (d) 
needed for the muscles to act. This list 
may not be exhaustive. The sum of all 
these nondecision times we call the residual 
latency.” We assume that these residual 

"In our previous publications we called it the 


[ arpea se la Cv H H n 
response latency because, in thinking about free 
response designs, we had focused on the time from 


latencies are continuous RVs, that they are 
independent of each other and of the 
decision latencies, and that they are 
bounded. We denote their (unknown) 
density by r, with a subscript referring to 
the response made if there are two or more. 
Clearly, changing either the mode of 
stimulation or the mode of response will 
change r. The boundedness assumption 
means that there is some 7 > 0 such that 
r(t) = 0 for all? > 7. 

We know and assume very little about r. 
We do not attempt to construct any theory 
of the residual times. From our point of 
view, they are a nuisance factor making it 
difficult to get at the decision process. 
Although postulating a bound on the 
residual latencies seems most plausible, it 
should be realized that it is sometimes 
crucial in our analysis. This bound, to- 
gether with the exponential lATs, which 
are therefore unbounded, sometimes per- 
mits us to get a fairly clear look into 
aspects of the sensory decision process un- 
contaminated by the residual times. Were 
the residual times unbounded, we could not 
use the tails of observed distributions to 
estimate parameters. 

If we denote by f; the density of observed 
response times when response j is made to 
the signal, then by our independence as- 
sumption, it is the convolution of the 
decision and residual densities, /; and r; 
(see Figure 1), that is, 


fi) = | "edie — Side, 10 


Because all of our densities are 0 for / < 0, 
the Fourier transform" of f; is 


Bui c f. * etf, (tdi, 


w is real and ?? = — 1. 


a decision to a response. In talking with others, we 
discovered that this was badly misleading, especially 
for designs with trials, and so it seems best to alter 
the terminology. The residual latency corresponds 
to what was called the “irreducible reaction time 
in the classical RT literature. 

8 We follow the convention of using small Latin 
letters for densities and their capitals for the corre- 
sponding Fourier transform. 
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that if f; 
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then? 


Filo) = L;(o)R;(«). 


is a convolution 


[2] 


ollowing general pro- 
a model State the 
Proposed sensory decision rule and, sup- 


abel j, derive We, 


n parameters of the 
sensory Process, J, x, and B. 


not on r, which permi 
to obtain estimates) 
data F(9)/L (o), which 
Rw). Y inverting t 
have an estimate of P. 

first, whether it isad 
whether it is independen 


- Calculate from the 


we 

see, 

ensity and, if so, 

t of manipulations 
including the Laplace, 

have the same Property of convertir 

We use the 


as the Fast Fourier 


calculating transforms and their inverses, 
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DECISION | 
t 
d t a === 1s 
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and time diagrams of the output at each stage. 


of the parameters. If not, then doubt 1s 
cast on the decision rule. This was done 
successfully in Green and Luce (1971). E 

We show precisely how the boundednes | 
of r can be used in parameter estimation. 
Suppose it has been shown that for suffi- 
ciently large 


t, Lacts like a gamma distribu- 
tion, that is, 


L(t) =S ctre fort = a, [3] 


Then by Equation 1, 
t 
HORE [ L(x)r(t — x)dx 
Jt-r 


[since r(¢ — Xx) =Ofort—x>rJ 


t 
Ee 
J tr 


= ef (t — yrei (y) dy 
Jo 


amerre (t — x)dx, 


for t> 7* +r 


m 
eet 35 guit, 


i-0 


[4] 


where 


Gi = (c us M yn-igny (y)dy. 
0 


—— — 
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For m — 0, f is proportional to e-* if 
t > 7* + r, and so » can be estimated from 
the tail of f. For m > 0, the dominant 
term is /"e-"' and again 7 can be estimated. 
For some models, but not all, 7 is shown to 
have the above form. 

Another approach was suggested many 
years ago by Christie and Luce (1956). 
Suppose the experiment is run twice with 
signals of different intensities, but with the 
Same response. Assuming that the residual 
latency is unaffected by the signal intensity, 
we have 


Fio) | Llwm) 
Fe) — L(o,us) 


It is not clear how to estimate m and u: or, 
if they are estimated, how to test goodness 
of fit. Note that in the special case where 
signal 2 is extremely intense, we can assume 
that the decision time is negligible, in 
which case F, estimates R and so 


L (wu) —F (e) / Fs (e) 


A major unsolved problem in this case is to 
think through the estimation of parameters, 
which is not quite conventional since the 
data have been heavily processed before 
we get to an estimate of L or L. 


as uo 76, 


Organization of the Paper 
The remainder of the paper simply 
applies the above general theory to a 
variety of psychophysical tasks: discrimina- 
tion of an increment in intensity, recogni- 
tion of one of several intensities, magnitude 
estimation, simple detection, and simple 
reaction time. We group these designs not 
by any operational criterion, but by the 
extreme theoretical distinction of whether 
the subject is free to use maximum x per- 
mitted by his buffer store or is “forced” to 
use à «= 1 decision rule. The former 
arises when there is no time pressure and 
the signals are both of sufficient duration 
and Intensity, what we call "strong" signals, 
ud K IATs are very likely to occur on 
, c lannel during the presentation. In 
particular, those tasks, such as discrimina- 
tion, recognition, and magnitude estima- 
tion, in which the Signals are so intense that 
there is no problem whatsoever in detecting 


seek one ee 


Bureau of Edn! £ 


them, seem to permit the use of the maxi- 
mum (see, however, the section entitled 
"Estimates of J and K” for a strong 
qualification of this remark). The latter 
is assumed to arise when there exists an 
experimentally imposed time pressure, 
which can take at least two forms: explicit 
instructions and payofís to be as fast as 
possible or the use of weak signals of brief 
duration. We do not attempt here to study 
the difficult intermediate category of experi- 
ments in which no explicit time pressure 
exists, but the intensity-duration of the 
signal is insufficient, on the average, to fill 
the buffer store during the presentation of 
the signal. 

We take up these topics in the order: 
strong signals, weak signals, and RT. The 
reason for this order is increasing analytic 
complexity. For strong signals, we derive 
only statements about choice probabilities 
and do not study the response times. For 
weak signals, we derive both probability 
and temporal relations, but the latter are 
comparatively simple. Finally, in the RT 
section we focus almost entirely on the 
complex problem of detecting the onset of 
a signal when it can occur at any time. 

The basic procedure followed in the 
analysis of each design is the same. First, 
we state the exact nature of the experi- 
mental task. Next, we describe a decision 
rule which might be suitable. Finally, we 
derive equations for the densities of the 
various decision latencies and for the con- 
ditional response probabilities from the 
decision rule and other assumptions of the 
theory, calculate Fourier transforms of the 
densities, and indicate (if we know) how to 
estimate parameters. Wherever possible, 
we cite relations to well-known results, 
either theoretical or empirical. 


Parameter Estimates 


Problems of estimating parameters arise 
in any theory of this type, but they are 
especially acute in the present theory for 
several reasons. First, the parameters 
often enter the equations as products— 
u(s)8, JK, etc.—and so they are not com- 
pletely identifiable. If JK = 100, then 
either J = 100 and K = 1 or J = 1 and 


Psyl. Research 


P 
22 


K — 100 is an equally good possibility: 
This ambiguity cannot be reduced E im 
stay in a single experimental context. In y 
by studying behavior in a variety of ene 
ments can we arrive at estimates in w hich 
we have some confidence. Second, in 
many cases we do not have completely 
satisfactory analytic methods for estimat- 
ing parameters. Partly this results from 
difficulties in solving equations; partly 
because we have not worked out the correct 
model. For example, we are reasonably 
confident from various data that J >1; 
however, at present we have formulated 
only a J = 1 model for simple RTs with 
random foreperiods. Estimates from this 
model differ from J » 1 models for other 
experiments by as much as an order of 
magnitude. Finally, at present we are at 
the mercy of a few Observations from 
different experiments run in a number of 
different laboratories for various reasons 
unrelated to our theory. Nevertheless, to 
help clarify the theory and to indicate how 
one might proceed, we make tentative 
estimates of the basic parameters from 
existing data. The reader should not take 
these estimates too seriously ; we do not. 


Comparison with Other Theories 


As we have already su 


ggested, the present 
theory has much 


in common with well- 
known theories; but it differs in significant 
Ways. It is well to appreciate the simi- 
larities and differences, 

Just as in TSD, 
subject observes a sı 
pares it with a crit 
sensory RV, Here, 
or more IATs, whereas in TSD it is a likeli 
hood ratio, a rather isti 
of the sensory d ntext of the 
experiment. Since Our sensory process is 
assumed to be Poisson, the sum of & = KJ 
IATs has a gamma distribution with k 
degrees of freedom, 


and so the estimate 
the reciprocal of the mean of k IAT 
known distribution 


normal generally post: 
course, the IATs 
permit us to deri 
whereas the likelil 


we assume that the 
ensory RV and com- 


erion or with another 
however, 


of u, 


a S, has a 
different from the 


ulated in TSD, Of 
are temporal RVs and 
ve latency distributions, 
hood ratios have nothing 
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explicit to do with time. John (1967) li 
sketched a theory in which an RV, mon 


tonic with time, is compared with a 
criterion, 
: " " "— the 
Other theories, including TSD, 


Poisson counting models, and some simple 
RT models in which there has been "e 
explicit attempt to deal with time (C rar 
ette, 1966; Edwards, 1965; Estes, 960) 
LaBerge, 1962; Laming, 1968; Stone, 1 pe 
differ from ours by assuming the saisie e 
of a temporal structure other than ex 
created by the output of the sens > 
process. The main idea is that bana. 
some sort of time quantum, either au 
by the experimental design (TSD) OF = 
the subject, and within each cage 
RV is observed and compared id E. 
criterion. In most such models, iei 
tions are taken until one, or the pen eds 
RV gets outside an interval of epe 
that is, a Wald-type sequential e. or 
ployed. Unfortunately, it is aap BT 
possible to derive exact closed-for p v mee 
sions for the resulting latency distri "s dim 
By contrast, we postulate no inter io rided 
poral structure other than that prov ad 
by the output of the sensory mere Eus 
the resulting IATs are our sensory asl 
often, latency distributions are ons 
derived. Of course, if there really is £ h 
inherent human time quantum over — 
information is integrated, as pup dade 
(1967a, 1967b) has argued, it is impor n 
to model it correctly; however, the ver 
concensus is against that hypothesis an 4 
seems imperative, therefore, to work ee 1 
temporal models which do not include any 


i A ha 
time quantum. Ours do not include suc 
quantum. 


Psvcnornvsics or STRONG SIGNALS 

Assuming that a buffer 
may give a theoretical defin : 
Signal as one of such intensity and duration 
that, almost certainly, more IATs will 
occur during its Presentation than can be 
accommodated in the buffer store. More 
formally, if K is the (IAT) size of the 
T the duration 
Poisson pa. 


store exists, we 
ition of a strong 


store, 
of the signal, and y its | 
rameter, then the signal is strong : 
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if uT is considerably larger than K. For 
strong signals that are also intense (large u), 
detection is not the issue; rather, experi- 
ments are aimed at understanding the 
apparent magnitude of the signals or the 
discriminability of two such signals when 
their intensities are about equal. 

The models we shall investigate, called 
limited memory timing, assume that the 
subject is allowed, both by the signal and 
by the reward structure, to accumulate as 
many IATs as are permitted by his buffer 
store, namely k = KJ, where J is the num- 
ber of distinct channels. On the average, 
this requires X/x seconds per channel. We 
assume that he uses the average duration 
of the IATs as an estimate of 1/u, and 
we derive some probability predictions of 
this model for discrimination, recognition, 
and magnitude estimation designs. We 
do not write down any of the equations 
for the densities of decision latencies be- 
cause, with large u, these latencies are such 
a small fraction of the response time that 
they probably cannot be used effectively to 
study decision rules. (If the present 
theory is conceptually correct, most simple 
R'T studies, with their very intense signals, 
elicit information mainly about the residual 
latency, not the decision one.) 

At least two other plausible models exist 
for strong signals. In the counting models, 
which have been investigated by others, no 
memory limitation is postulated, and the 
subject is assumed to count the number of 
pulses that occur within the signal interval. 
Just how that interval is demarked for the 
subject is a moot point. In addition, the 
counting model has the unfortunate feature 
of predicting error-free performance as 
uT— oœ ; it is well known that increasing 7 
beyond, at most, a few seconds does not 
improve performance. 

Perhaps the most appealing models from 
an intuitive point of view are those we may 
call sequential, limited memory timing. The 
subject is assumed to accumulate informa- 
tion until either the evidence in favor of one 
response becomes sufficiently persuasive or 
until the memory is saturated, whichever 
comes first. Their intuitive appeal is 
strongly offset by their mathematical com- 


plexity. It is often impossible to calculate 
the distribution of the number of IATs to 
a decision without making grossly simpli- 
fying assumptions. 


Discrimination of Intensity 


In this section we shall consider pair- 
comparison designs in which two signals, 
sı and ss, differing only in intensity, are 
each presented for duration T' on each trial. 
We let u; = u(s:). The subject is to report 
which, the first or second, is the more 
intense in his judgment. The design in 
which one signal is held fixed and the other 
varied is called the method of constant 
stimuli. 

We simply assume that as each signal is 
presented, the subject stores the first 
k = KJ IATs, records the total time ies 
forms their sum), compares the two totals, 
and reports whichever is smaller as the 
more intense signal. If we let T; denote 
the total time RV arising from signal s; 
then 


b(i|]suss)) = P(T2 — T1 > 0) 
= P(T;T; > 1) 
is the probability that the first signal is 


reported as more intense. It is well known 
(see Parzen, 1962, p. 137) that 


p(1|s1,52) 
a eon m [x(1 — x)]dx, [5] 
where 
— M 
pts uic us 


This is the incomplete Beta distribution 
I,(k,k) or, equally, the F distribution 


«' : P: 24,28) = o( £; 22! 


It can be written in another way, 


pülsud = Y fü 


i=0 


where 


fli; kp) = »(* M" ‘Va — p)! 


an intensity discrimination task. 
gnals. 
KJ. 


(The 


The parameter is the number of 
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gative binomi 
Green and McGill (19 
model, for large k, 
approximated by 


al distribution, As 
70) note in a similar 
Equation 5 js well 


where 


[7] 


Figure 2 shows P(L| 51,50) as a function 
of ui/us for Several values of k. 


Observe that P(Alsy, 
and only if Hi/po i 


hypothesis, 


an [a i 
uo I(s) — J, 


d'= 4g — iat Es 1), 


52) is a constant if 
42 1$ Constant, Since, by 


uı/u» is a constant if and only if 


(s) — 1(52) 
1 (s2) — Io 


" » 
1S à constant, so Weber's law holds fo 


I(s2) Ig As I(s2) approaches Lo, two 
effects contribute to the observed increase 
in 


AT I(s) — (ss) 

To I(sg) 
Most Obviously, Io 
neglected and AI/(I — 
if AI/I is increasing, 
decreased, the number 
Observed before the s 
must, necessarily. 
size K of the sto 
creased and 
as long as 


can no longer be 
Jo) is constant only 
More subtly, as x is 
of IATs that can be 
ignal is terminated 
decrease, In effect, the 
rage is functionally de- 
» aS we show in Appendix A, 


ma I + 1/(2k — 1) 
s? 1—1/(2k —1) 
then in order to maintain b(|s,s;) at a 


Constant value, u,/u, must be increased 
as k is decreased, 


nother interesting feature of the model 
vs up if, instead of 


Memory limitations, 
we assume extreme time pressure (k = 1) 
uration) and a single 


shoy 


due to short signal d 
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channel (J = 1) and so set k=1 in 
Equation 5, 


Hi 
ui + us 


Notice that this generalizes nicely to m 
signals: 


pilsis) = p = 


b Is, Io lu uet TT edt 
0 


eo m 
= Í uie 7 Bett 
o 


Mi 
=. [8] 
m 
È Hi 
i=l 
Models based on Equation 8 have been 
called choice models and were investigated 


1 


i-0 


P(T—T12e9-2-. 


k—1 


ü— 9*2 


i=0 


where P(T — T; > 0) is given by Equation 5. 


reduces to 
pe ae, 


P(1]s1,52) = | 


en, 


(1 — p)(1 — ec) + p, 


by Luce (1959) and others. Within the 
present framework, we would only expect 
them to hold for intensity discrimination 
when the subject is under severe time 
pressure and has only one channel. 


Biased Discrimination of Intensity 


If the payoffs are asymmetric, so that it 
matters to the subject which type of error 
he makes, then we anticipate biased re- 
sponses. If his available information is the 
two random variables T; and T», the bias 
could take various forms. One possibility 
is to say signal 1 when T,— T:> € 
another is to say signal 1 when T;/Ti > à. 
With e = 0 and 6 = 1, these are equiva- 
lent; in general, however, they are distinct. 
We consider them separately. For the 
first, the argument given in Appendix A 
yields 


ein] a 


j=0 ji 
+P(T2— Ti > 0), «<0 
Observe that for k = 1, Equation 9 


e>0 


e<0 E103 


from which the following receiving operator characteristic (ROC) curve derives: 


j£ pana, 
p(|suss)) = 1—»p 


P(1|s2,51) < 1— p 


Plots of the ROC curve generated by 
Equation 9 for several values of are 
shown in Figure 3. 

The other possibility yields (Appendix A) 


T 
p(2s 3\_ (e—1)! 
G e °) Ce— HIP 


x f° [x(1 — x) dx [12] 


— n2 /u1 [11] 
1 a a? xdi A n Pols ® 1p 


where 
Hi 
p(8) = ————. 
o Hi + us 
For k = 1, 
Tiss = — 2 
PC sus) Hi + Óus 


from which we obtain the ROC curve 


P(1| 51,52) 2 (y p (152,51) 
P(2| s1,s2) ux) p(2| S251)’ 
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42 = land two di (The solid curves are generated by 
varying the criterion on the difference on the sum of k IATs associated with 
cach interval, The dotted curves are generated by varying the criterion on 
the ratio of the sum of k IATs associated with each interval.) 
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of Thurstonian psychophysics, except we 
use a gamma distribution rather than the 
normal. In particular, we assume that the 
signal duration is sufficiently long and the 
intensities sufficiently great that, almost 
certainly, k IATs can be observed, and that 
their sum is a random variable T; which 
has a gamma density with parameters k 
and u; when signal s; is presented. We 
assume that the subject selects m — 1 
criterion values 


0B, acc «B,» Bp x nEw, 


and that his decision rule is to respond p if 
and only if 


Bp < T< Bp- 
Clearly, then 


pR pls) = 


æ yig- 
= MES dy: 
E (Bc D 


For large & the central limit theorem yields 


[13] 


PRExpls)m["" m1), [14] 
where 
si(f) = ve — z [15] 


Thus, Equation 13 is approximately a non- 
equal variance Thurstonian model. ‘The 
equal variance case, in which  2;(p) 
= (8,— uj)/e, has been proposed for in- 
tensity recognition by Durlach and Braida 
(1969) and is tested experimentally in 
Braida and Durlach (1972). 

Given recognition data, the (m — 1)m z;(p) 
can be obtained from Equation 14 (the 
cases where z,(p) = — © or © are omitted 
from the estimation scheme). We can then 
use Equation 15 in the following (non- 
Optimal) way to estimate parameters. We 
note that from Equation 15 it follows 
immediately that 


7) — (p) = (u; — u)By/ NE 


and 


zb) — z(g) = us(85 — Ba)/ Vk. 


Thus, if the model is correct, the geometric 
mean of 


sp) — (P) _ Bp 
zd) — s;(q Ba 
over all 7, j, i > j yields an estimate of 
85/84. Similarly, the geometric mean of 


sp) — sid) _ ui 
3;(p) — 3;(9) ui 
over all p, q, p > q yields an estimate of 
uif Mj. 
Since u; > Oand the unit of measurement 


is not determined, there is no loss of 
generality in choosing the unit so that 


Siem 


i=l 


We then have as an estimate of us 


ae: 
eoni (a) 


With that in hand, we can use Equation 15 
to estimate 8,/ VÀ by forming the geometric 
mean of 
3;(p) — zi(D) 
Ai — fü; 
over alli, j,i > j. Finally, from Equation 
15 we see that the mean over all ¿ and p of 
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is an estimate of Vk. 

With all of these parameters estimated, 
we may use Equation 15 to predict the 
m(m — 1) (less the cases) observed z;(p) 
from the 2m — 1 free parameters. These 
predictions can be displayed as a scatter 
diagram and evaluated by a chi-square test. 

It should be of interest to compare the 
estimate of u;/u; obtained in this way with 
those obtained by magnitude estimation 
(see the next section). 


Magnitude Estimation 


Experimentally, magnitude estimation 
(ME) and recognition have much in com- 
mon: a single signal is presented on each 
trial, and a numerical response is required 
in which a larger number is assigned to a 


Es 
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more intense signal. They differ, of course, 
in that the experimenter establishes a one- 
to-one correspondence in the rpenition 
design between the responses "1," "2," ..., 
“m” and a fixed set of m signals; whereas he 
asks the subject in the ME design to reveal 
his "built-in" one-to-one correspondence 
between all positive real numbers and all 
possible signals for an unspecified sample 
of these signals. One notable consequence 
of this difference is that there are correct 
and incorrect responses in the recognition 
experiment, and so payoffs can be used, 
whereas no concept of error is appropriate 
in the ME design. Our theoretical analysis 
differs considerably, 

We simply assume th 
attempts to estimate Cu, 
adjustable unit parameter, 
IATs and using the total time T as his 
information about the signal. In fact, we 
assume that he responds M = ck/T as his 
estimate of the magnitude of the signal. 
Since T is distributed as a kth order gamma, 
its reciprocal has the Pearson Type V 
distribution (see Kendall & Stuart, 1958): 


at the subject 
Where c is an 
by observing k 


(Rep) ke~ken tz 
P(M =x) = er mm 


Perhaps the most unusual feature of this 
ensity is its high tail—of the form x-o» 
as X becomes large. This agrees with the 
Observations of Luce and Mo (1965) and 
Schneider and Lane (1963). In fact, the 
tails are so high that moments beyond 

O not exist, The mode, mean 


1), geometric mean (for k > 1); 
and variance (for k > 2), which are easily 
; are given by: 


k k ey 
“e+ 1)^ eae (cke ~ 2, v 


[16] 


du, 


* à 
( = i) (&— aM 
respectively, where C js Euler’ 
(= 577216). Since the obser 
median magnitude estimates 
mately, power functions of 
(S. S. Stevens, 1957), the post 
à power function of intensity 
Moreover, this givi 


[17] 


S constant 
ved mean or 
are, approxi- 
signal energy 
ulate that uis 
is reasonable, 
es a way to estimate the 


exponent y. This assumption was used to 
account for Weber’s law. 

If this model is correct, it is clearly better 
not to work with the data and Equation 16 
directly, but rather to form reciprocals. 
These have the density 


1 (cku)* ys tetto 
Fu =») = (b — 1)! 


Which, because of its exponential tail, has 
much more stable moments than Equation 
16. The mean and variance both exist 
and are 


[18] 


1 1 1 
s and (uyk 


and so we have the following estimate of k: 
[19] 


If all forms of signal intensity are recoded 
in pulse trains with a rate that increases 
with intensity, then comparisons of in 
tensity between modalities is a possibility. 
At least intensities on different modalities 
are represented by a common measure 
time, and so we need only postulate tliat 
the nervous system is capable of making 
comparisons of IATs originating in the 
different senses, Thus, the a priori mys- 
terious, but successful, method of cross- 
modality matching makes complete sense 
in this theory. Because of our power func- 
tion assumption, we predict a power 
function matching relation with an ex- 
ponent that is the ratio of the two ME 
exponents, which is what is observed. In 
addition, since both signals exhibit varia- 
bility in their IAT representation, we 
predict that the distribution of matches 
should be more variable than the reciprocal 
of the corresponding MEs. We do not 
know of data bearing on this prediction. | 

we approach ME data much as we did 
recognition data, we have from Equation 16 


PM < pjs) = 


k= mean*/variance. 


n (kcu) ke kenil x 
o (b— ten 


kenij p 


zi(p) 
f N(0,1), 


Ie 


[20] 
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where 
zip) = vi z 2. [21] 


Here $ is a cut point established by us, not 
by the subject. Considering only the p; 
term, the dependence on £ and the criterion 
b are inverse to that found in the recogni- 
tion model (Equation 15). 


Estimates of J and. K 


According to the ME model (especially 
Equation 17) and S. S. Stevens’ (1957) 
data, we know that for 1000-Hz. tones, 


approximately, 


where J is acoustic power. It is also well 
known that the Weber fraction correspond- 
ing to p(1|s1,52) = -75 is about .08, so the 
corresponding parameter ratio is 


E = (1.08)4 = 
Ke 


1.023. 


Using Equation 6, the normal approxima- 
tion to Equation 5, we have an estimate of 
k = JK of about 1750. 

With k known, it is sufficient to estimate 
either J or K. The only methods that 
have occurred to us are for J. One possi- 
bility, using ME data, is suggested by data 
of S. S. Stevens (1966) and J. C. Stevens 
and Hall (1966), which were both concerned 
with the dependence of MEs on signal 
duration 7. For both brightness and loud- 
ness, the MEs increase linearly in log T and 
then abruptly become constant. In the 
case of brightness, the location of the 
corner is a function of intensity, being at 
about 10 msec. for an 85-decibel (db.) signal 
and at about 100 msec. for a 55-db. one. 
This strongly suggests that the subject does 
not fill his buffer store before determining 
his estimate, but rather that only a few 
IATs are collected on each channel. The 
times indicate a 10 to 1 ratio in the us over 
a 30-db. range which agrees with the fact 
that the range is equivalent to a stimulus 
ratio of 10° and that the brightness ex- 
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ponent is about 1/3. Indeed, the numbers 
are such that on the basis of threshold data, 
using fixed intervals, we are probably safe 
in assuming that only one IAT is obtained 
from each channel. 

The situation for loudness differs in one 
important respect: the corner, which is at 
150 msec., is independent of intensity. 
This strongly suggests that the number of 
IATs accepted increases with intensity, 
which agrees qualitatively with the finding 
mentioned by Luce and Mo (1965) that 
their estimate of & increases; however, 
they reported a factor of only 4 over a 
47-db. range whereas we would predict, 
using an exponent of .3, a factor of 26 in 
order for the location of the corner to 
remain fixed. In contrast Schneider and 
Lane (1963) using magnitude production, 
but converting their data to an equivalent 
estimation form, found the standard devia- 
tion of the estimates to be 1/5 of the mean. 
From Equation 17, this vields the estimate 
of k = 27. 

There appears to be a discrepancy here 
in that the Stevens and Hall data for loud- 
ness estimation suggest that E increases 
with intensity, whereas those of Schneider 
and Lane for loudness production suggest it 
does not. Further investigation is required 
to determine if this is a difference between 
estimation and production or if something 
deeper is wrong with the theory. 

Assuming only one IAT per channel, 
x — 1, for the Schneider and Lane experi- 
ment, J = 27 and so K = 1750/27 Œ 65. 

The reader is no doubt perplexed, as are 
we, about why 65 IATs should be collected 
per channel in a discrimination experiment 
and only 1 or a few in the ME procedure. 
The only explanation that we have thought 
of, and it is wholly ad hoc, is that calculat- 
ing a reciprocal is considerably more com- 
plex than comparing two sums, and so vast 
amounts of storage capacity are reserved 
to carry it out. We would be more con- 
vinced of this had the loudness data been 
similar to the brightness data and so 
suggested x = 1, independent of intensity. 
There seems to be a problem in need of 
better explanation. 
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PSYCHOPHYSICS OF WEAK SIGNALS 


We turn next to one of the classical areas 
of psychophysics, the detection of M 
signals, Here the focus continues to be on 
various response probabilities, but in con- 
trast to strong signals the response times 
begin to assume some interest because the 
delays of the sensory-decision process are 
no longer negligible relative to delays of the 
residual process. 

The essential problem for the subject is 
to decide on each trial whether or not a 
signal is present in a noise background. 
Because the signal is weak, we know that 
the density of Poisson events is low or, to 


put it another way, that the expected value 
of an IAT is moderately large. We may 
impose time pressure on the subject either 
by deadlines and payoffs or by instructions 
while leaving the signal on until a response 
occurs, as in a type of RT experiment with 
catch trials, or by using signals of such 
short duration that a failure to decide 
quickly almost certainly brings into play 
pulses not due to the signal, as in a con- 
ventional yes-no design. We shall suppose 
that both of these procedures invoke de- 
cision rules that involve only a single or 
very few IATs from each channel. 

. It is not customary to regard fixed- 
interval detection experiments as involving 
any strong time pressure, but clearly they 
do if anything like the p 
Correct. For ex 


ted time to the 
: and the second is 
PA in that on the aver- 
€ futile to wait a sec 
IAT and that, indeed, it Veil, uk Tuttle 9 
wait for even one if the second impulse 
lies beyond the end of the signal interval. 

. We examine situations having only two 
signals: noise of constant power, n, and a 
signal of fixed frequency and intensity in 
that noise, s. Thus, there are only two 
Poisson ^ parameters, 4 — h(s)) and 
v = u(n), where u >v. We use obvious 
mnemonics for the responses: Y for yes, 
N for no, 1 for the first interval, 2 for the 
second. A typical conditional response 


500 msec. This 
age, it would b 
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probability is denoted p(Y |n) , that is, the 
probability of a yes response given that d 
signal was presented. ‘The response us 
and decision lateney densities are , sub- 
scripted similarly, so for example, dmt 
the density of the yes response times to l os 
presentation of no signal, and bx is the 
density of the no decision latencies to the 
presentation of a signal. 


Yes-No Design with Response-Terminated 
Signals 


It is convenient to begin with an uncon- 
ventional yes-no design because it is one 
of the simplest to analyze. With that - 
an example, we turn later to the usus 
fixed-interval design. Consider an exper "i 
ment in which the potential onset of a 
signal is clearly indicated to the subject 
(by an intense signal in another e wi 
e.g.). On some trials there is no pw 
On the others, a constant intensity ors 
is presented and remains on until the su J- 
ject responds Y or N. The subject 7 
pressed (by payoffs or instructions) to re- 
spond as fast as he can. In other words, 
this is a simple RT experiment with zero 
foreperiod and catch trials, but with a 
faint response-terminated signal (which is 
not usual in the RT literature). 

The decision rule we shall suppose is that 
the first x IATs are obtained from each 
channel and if the average of these k = KJ 
IATs is less than £, respond Y; otherwise 
respond N. The decision time is then 
simply the time of the slowest (x + 1) 
pulse, which has the (x + 1)-order 
gamma distribution »y,; ,(/) with intensity 
parameter p. Since if J RVs have a com- 
mon density, that of the largest is 


WO = BLS, ratda 


= ase f. Terna(@ de | ^ pai 


From this, a direct calculation yields the 
mean reaction time (M RT), 


MRT, = iyp(y|s) + TN P (N |s) 
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where 


Ng) = He 


^: ke-uda |J 
x p ad “dy dx 
o x! 


and ?y and zx are the mean residual 
latencies for, respectively, Y and N re- 
sponses. For large x, Equation 24 can be 
transformed by the central limit theorem 
into 


hU) zx H1 + NF AE), 


where " 


n ie J-l 
H(J) = rf ex oof f. xon) | dx 


is the mean of the largest of J normally 
distributed RVs with mean 0 and variance 
1. Several values of H(J) are given in 
Table 1. 

To get some idea of the error of the 
approximation for small x, we compute 
h(2,1) = 2.750 as compared with the ap- 
proximate value of 2.797, an error of less 
than 2%. 

Note that if ?y = fy, then if we can vary 
x experimentally, Equation 23 implies 


24] 


MRT, = ^ uer, e (1 = £). [25] 
This linear regression provides a test of the 
model as well as a way to estimate u/» and F. 

Although the density of decision times is 
not simple in this model, the expression for 
the response probabilities is. Let T denote 
the sum of k = Jx IATs. Because each 
IAT is exponentially distributed, T has a 
gamma distribution of order &. Thus, 


p(Y |s) = P(T < k8) 


meS 

= T — ke 

I g,(x)dx, 
kp 


peal: 
@— 1) ge 


ll 


[26] 


where 


gx) = [27] 


TABLE 1 
H(J) versus J 


J HQ) 

2 .564 

5 1.163 

10 1.539 
20 1.867 
60 2.319 
100 2.508 
200 2.746 
500 3.037 
1000 3.241 


Note.—These values are taken from Table I of Tippett 

i J,2 < J < 1000, can 
range values given in 
ccurate work, they may 
s log J, which is nearly 


i by taking } of the n 
> Tippett (1925) or, for | 
erpolated on a plot of H (J) 


linear, 


which is a Pearson Type V density (see 
Kendall & Stuart, 1958). 

As we have seen in Equation 17, the 
mean m of g, exists only for k > 1 and the 
variance of e? only for k > 2, and 


nri 
Clee 


Thus, for k > 2, the difference between the 
signal and noise densities normalized by 
the standard deviation of the latter is 


a’ = \e-2(*-1). 


If we approach the problem as in TSD, 
we consider the likelihood ratio 


* 
L(x) = (5 gine, 


kin — 1 


InL(x) > niffx € ¢ = —-——, 
=F 


2 
c= 


[28] 


and so 


which, therefore, leads to exactly the same 
equation as 26, with c replacing kB. 
By substituting z = u/x in Equation 26, 


ghe 


kB 
pO is) «f i-i 


which is the incomplete gamma function. 


[29] 
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0.90 r- 


0.70 
0.60 


0. 
P(YIs) 
0.40 


0.30 


005 O10 o2 


Fic. 4. ROC curve 
Parameter k is the 


For large k, the gamm 


amma density approaches 
the normal 9t (k, VR) 


and so, approximately, 


(Y |s) e iA Neg 30,). [30] 


A similar expression holds for b(Y|n). Let 
2(s) and 2(n) denote the norm 


al deviates 
Corresponding to b(Y|s) 


and p(Y|n), 
2(s) = * a(n) + NE (: — 1). 


P= LIC = 1), [32] 
which differs fro 


m the true value by re- 
placing k — 2 by 


k. For measurable levels 


03 04 05 06 07 08 


z +2 


P 
k7, Bly=145 


"i 
z 


P. 
E Iv313 
310, p/v=135 


0.90 0.95 


P(Y|n) 


from J Parallel channels, 
Parameter y/y is the ratio of the 
compared to the rate Parameter for 


of detectability (d’ 
approximately 1 
as k increases, 


7 1) the slope u/» is 
+ uh Which approaches 
As Figure 4 shows, the 
normal approximation is excellent for all $; 
however, the actual slopes are considerably 
less than u/v for b as large as 10. 


This 
results from errors in approximating the 
gamma distribution by the normal 


distribution, 


It should be noted that the sh 
ROC curve is very unusual. 
with k = 1 it is 


ape of the 
For example, 


b(Y|s) = P(Y |x), 
suggested by Egan 


1 Greenberg, and 
Schulman (1961). 


a T 
i M— MÀ 
7 : 
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Some caution is required in interpreting 
this prediction since most published data 
are for fixed-interval designs and, as is 
Shown later (Equation 35), the ROC curve 
for the corresponding J — 1 fixed-interval 
Ww 1s approximately of the correct shape. 
decus as we have shown empirically 
pon & Luce, 1972), even with response- 
E nated signals, what happens depends 

the payoff structure. With an imposed 

deadline such that responses later than the 

Cis are penalized, the slope of the 

E ae in a normal probability plot is 

3 he ightly less. However, if the deadline 

n posed only on signal trials, the slopes 
€ considerably greater than 1. 


Sbeed-Accuracy 1 radeoff 


" AE least in situations with response- 
elt mated cabal, it has been generally 
a at within limits, subjects should be 
otme to increase their accuracy of per- 
ee at the expense of taking more 
Over di This is not a matter of variation 
i at al curve, in which case a change 
Row e decreases one of the errors, for 
rni a Pb(Y|n), only at the expense of 
Bling. the other, p(N|s). In a speed- 
o b acy tradeoff, both types of errors are 
e reduced at the expense of taking 
serie time to respond. Empirically, the 
eat S have been ambiguous, ranging from 
com ee results in which the subject 
ees etely fails to identify which signal is 
nted or identifies it nearly perfectly 
Wensson, 1969, Experiment I; Swensson 
nate Wards, 1971),to difficult-to-discrimi- 
Signals in which he exhibits a tradeoff 
Wensson, 1969, Experiments II and II). 
TA og: the present model, such a tradeoff 
one m effected only by using more than 
per channel on which to base the 
Obviously, increasing the num- 
D. Ts on which to base an estimate 
stimate ude the variability of the 
Tom the E takes more time. In fact, 
WE see fron Pproximation to A(J,«) above, 
1 Equation 23 that 


M 
RT. Ce = Du MRT, (x) 


c 
& Ele +2) - @ + ngon. 1 
d TH 


1.0 


0.2 0.4 0.6 0.8 1.0 
P(Y|n) 

Fic. 5. The & — 1 ROC curve for response 
terminated yes-no design. (The ordinate is the 
probability of a Y response given that a signal was 
presented. The abscissa is the probability of a Y 
response given that no signal was presented. The 
parameter is the ratio of the rate parameter as- 
sociated with the signal compared to the rate 


parameter for noise alone.) 


Thus, if the signals are very intense and so 
n is large, a negligible change occurs in the 
response time; whereas, if the signals are 
very faint and uw is small, a large change 
occurs and the tradeoff appears to be dis- 
continuous. For example, with » = 4, the 
change is at least 250 msec., which is likely 
to be interpreted as an observer who can 
operate only in two modes. For signals of 
moderate intensity, say u between 20 and 
50, we are likely to see a more "continuous" 
trade of speed and accuracy because in that 
range each additional IAT adds, on the 


average, from 20 to 50 msec. 


Yes-No Design with Fixed-Signal Duration 
(J =« = 1 Model) 


The problem of how to deal with interval 
markers becomes perplexing when we 
analyze the conventional yes-no design. 
The situation is exactly the same as the 
preceding one except that the signal is 
terminated T seconds after its onset, inde- 
pendent of the subject's response; more- 
over, the period during which it might be 
present is clearly marked by a strong 
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signal in another modality. On all trials, 
we wait for a response to occur, and we 
record Y to an s presentation as a correct 
response even if the response occurs long 
after the termination of the signal. 

The major question in analyzing this 
experimental design is what decision rule 
touse. The problem is whether or not the 
nervous system takes into account the 
information about the end of the signal 
interval. If it does not and if the first IAT 
does not lie wholly within the signal 
interval, then the second pulse is generated 
by noise, not by signal. If it does, then 
we have a type of deadline model. We 
derive the various RT densities and con- 
ditional response probabilities for both 
rules on the assumption J = 1, and then 
show that the second is inconsistent with 


some RT data. The model for general 7 
is complicated, 


€ same rule as was used 
= 1; it ignores the infor- 
mation about the end of the signal interval, 
The equations for 5 trials are, of course, 
unchanged (Equation 29 with » substituted 
for u, n for s, and with k — 1 'The signal 
case is a good deal more complex because 
the signal may end befo 

arrives, 
response de 
derive the 
response pro 


One can 
for the 


Lew {a &7)e-ur 
x (5 = 1), BST 
AE xn (: " NE 3] 
» 
T ter), BST 
P(Y|u) = 1 — e, 


[34] 
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Eliminating 8, we have for the ROC curve 
L- [1 = P(Y In 
= POY imer (£ = 1), 
b(Y |n) € 1 — em 
1— [1 — pV [2) Jet 


x (1 x Etter), 
v v 


P(Y |n) > 1 -= e~r, 


ps) = [35] 


Observe that the upper limb, 


1—e™?T, is linear and the lower, curvilinear; 
some have felt that the data support a 
curve of this character. For 8 < joi 


b(Y|n)» 


MRT,y = Fy + [ia = ew) 
—" (£ E 1) e 
x K +e) (r + Jj 
xG- e] Jovi rg 
MRT = tet [(9 4 ge 
esten 
bee 
X e| Joni. par] 


on of the MRT e 
as an exercise, 


The calculati 


l quations for 
B >T is left 


Some Data 


Observe that 
held constant (i.e., » and B 
Equation 34), then MRT 

ecreases with increasin: 
ported by Grossberg (19 


if the false alarm rate is 
are constant in 
ax (Equation 36) 
€ T, as was te 
68) for brightness. 
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I mE ; — 
i. ipee if uß is sufficiently small so that 
= ee = uf, then 


| l-tv»8—(u—7»T 
m 
MRT,, = Ty + | d ere pr 
1 


+8, as T— c. 

u 

Si e 

Demi prr obtained a nearly neg- 

omini alarm rate, 8 must have been 

ene Sly small. So for small 7, for 
aple, 10 msec., we see that 


1 
v 


5 j 

~ alo e. 
. u 

T 


Making ne 

cee as a reasonable guess ?y = 100 
and f his data place v in the range of 3-4 
3.5 "d these faint signals, u in the range of 
We 


obt: 


B, lul 
MRT,y Sy + 


ai next examine whether Bloch's law 
Y je in our model. For small v8 and 
> "quation 33 reduces to: 


Peg (neem, 
BT 


1 — e»t — v + vT), 
BI. 


(Y |s) eu | 


V T 
suffi assume both that „v and uT are 
tently small so that terms greater 


lan T : 
AT? c 7 
PUR. )? can be neglected, then this 


jener — 8/2), PaT 
iá — uT) +aT 
- (uTyf2, 


Toldi 
cons the false alarm rate, and so vB, 
les, for We see that p(Y |s) constant im- 
Whereas Small B, that u*T' is constant, 
zug oP ee B alters this until, for 
According constant. 
for brief gae S. S. Stevens (1966), MEs 
Power of Lx rise as from the .4 to .5 
Stant is equi If the latter, then p27 con- 
mivalent to IF constant, which 


P(Y|s) = 
BT. 


is Bloch's law. This is well confirmed for 
small 7. According to the model, for 
T < 8 we should find that it is replaced by 
the constancy of ZT, which is not reported. 
Turning to the loudness data, Stevens and 
Hall (1966) report that near threshold, 
IST is a constant for equal loudness, 
which for the model to hold, requires » to 
be the .4 power of Z. The usually quoted 
figure is .3; moreover, J. C. Stevens and 
Hall found that, unlike the brightness data, 
the exponent is unaffected by the brevity of 
the signal. However, it is well known that 
near threshold the apparent exponent is 
considerably in excess of .3 because the 
dependence is on J — Jo, not on J. So this 
model does not seem grossly inconsistent 
with what is known. 

Case II: Decision based only on IATs 
within (0,T). The decision rule is this. 
Choose 8 < T. Respond Y if at least two 
pulses occur within (0, T) and if the first 
IAT is less than 8; otherwise, respond N. 
In Appendix B, we show that 


p(Yls) =1— e»? — peT, BS T. [38] 


We cannot get an explicit formula for the 
ROC curve for 8 < T and it is obscure 
what to assume for 8 > T. Numerical 
calculation yields the former. For the 
latter, we can either assume the subject 
stays at the value 8 — T, jumps to (1, 1), 
or forms a linear combination of these two. 
The latter is shown in Figure 6. 

The MRTs (Appendix B) are: 


= peek [s (1 — e) 
Hu 


MRT sy 
2 Be"? T (ul + 1) 
x ae | / oi. [39] 
MRTi;x = fn + IC Js s) gue 


(rm 3e 


b(N|S. [40] 
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This model is almost surely wrong. We 
note from Equation 39 and £ < T, and if 


uf is small, 
B. 
uT 
1 


on le 1 
As is easily seen, for 8 < T, aT « : +B, 


contrary to Grossberg's (1968) data. 


if eTe1—,T 


MRTwy —> fy + 


T'wo-Alternative Forced-Choice Design 
Q =x = 1 Model) 


In this well-known design, two listening 
intervals are defined. They are each of 
duration T and are separated by a short 
time. On each trial, the signal is presented 
in exactly one interyal and the subject is 
required to say which. The possibility 
exists here, as in the yes-no design, that 
the subject bases his decision on events 
outside the listening interval. We assume 
not, however, and so we assume the natural 
analogue of the decision rule just studied: 
the first IAT is observed in each interval 
and the one having the shorter IAT is 
reported as containing the signal. The 
only difficulty, which is serious with weak 
signals, arises when at least one interval 


P(1\s,n) = P(X: — Xa < 0) 


T T 
= f PX, = ilo f P(X: = x|n)dxdt + bP(x, = T|s) P(X, 


T 
I MEH eT) Cet E ster 
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does not contain any IAT; in that case, we 
let T be the conventional length of the 
first IAT. Since this can happen with 
positive probability in each interval, there 
is a positive probability of an unresolved 
decision; we assume that with bias b the 
subject chooses the first interval. 

We will not attempt to calculate the 
densities of decision times, which of course 
is possible, but will content ourselves with 
the response probabilities. Let the RV of 
the time of arrival of the ith pulse be 
denoted Y;. Define the decision random 
variable 


X Y.— Y, if Ys T 
7 Ir, if Ya» 7 
Thus, 
P(X = t|s) 
Tt ^5 
n Le "7 ue7htdy, ise 
0 
= q 
0 
_ [ntm — enn), pef 
mI aT), t=T 
P(X = t|n) is the same with v substituted 


for u. Assuming the independence of the 
two intervals, 


= Tn) 


= (1 + Lye? t + b(1 + uP) 


x(1 + vT) eutr 


H v 

rmt- 
Hu 
Ad» 


Observe that as T— *, the model 
reduces to the so-called unbiased choice 
model suggested by various authors (for 
some history see Luce, 1959, 1963a; see 


1— i) gm = E eum de9ar|1-.^4. v 
v v H 


taT uvT? z " 
m t3 +O + ur) + oy], [41] 


the section on “Discrimination of In- 
tensity” fora generalization), 
If we assume th 


at varying b generates 
the forced-choice 


ROC curve, then it is 
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given by 


Pls) — P(1| 2,5) 


R= 
4 TUN e ar] (42) 
ot ss 
cria this is a straight line with slope 
tions da ie obtained by similar considera- 
1963; K 1e threshold theories (Atkinson, 
Nama ai 1969; Luce, 1963a, 1963b; 
threshold 1964). Here, in effect, the 
imiteq e not in the subject but in the 
Ment istening interval of the experi- 
> al design. 
m ds mportant to realize that according 
ating Ae theory, the method of gener- 
and” fora re curve differs in the yes-no 
ormen ed-choice experiments. - In the 
as in ae alert criterion is varied much 
Is applied i ME the latter, a response bias 
matio to inherently ambiguous infor- 
bot E much as in threshold theories. In 
n ases, the limited period of signal 
Whawtation leads to an effective threshold 
imin jj reflected in the ROC curves. 
Ong ing this threshold by having very 
Ri ervals (T — œ) drives the yes-no 
Curve toward a power function and 
lie rced-choice one toward a single point. 
n eu model suggests that different 
loris. of TSD, threshold, and choice 
etails , will be evident depending on 
Us of the experimental situation. 


the fo 


as 


SIMPLE REACTION TIMES WITH 
RANDOM FOREPERIODS 
Consider 


nw] 
the 


Lich ex a simple RT experiment 
bei a is a signal on every trial and 
GE crm < asked to respond as soon as 
there is o " s Unlike the previous designs, 
response n TIE kind of trial and only one 
ificult - n order to make the task 
and to insure that the subject 


1.0 
0.8 
0.6 


P(Y|s) 
04 


0.2 04 06 0.8 1.0 
P(Y|n) 

Fic. 6. ROC curve for decision rule based on 
first IAT within signal interval. (T is the duration 
of the signal interval, x the rate parameter associated 
with the signal. The noise alone rate parameter, », 
times the signal interval was .8 for these calcu- 


lations, »T = .8.) 


really waits for the signal, it is common 
experimental practice to make the time 
from the beginning of the trial (warning 
signal) to the onset of the reaction signal a 
random variable. (In our experiments, we 
have used a discrete approximation to an 
exponential density because in that case 
the length of the wait provides absolutely 
no information about when the signal will 
occur; some experiments have used other, 
less desirable distributions.) The only 
unconventional features of the design we 
shall study is that the signals are response 
terminated. This seems appropriate when 
weak signals are used; it is usually not 
done with the intense signals used in most 
RT experiments. 

The analysis below was carried out 
because we had run such an experiment 
to test a previous theory. It is included 
here, even though in important aspects it 
is incomplete, because the experiment is 
inherently interesting and because, in 
contrast to the above models, the analysis 
is mathematically more difficult. The only 
case that we work out at all fully is J 
=x =41. To analyze data, however, we 
really need the J > 1case. The only model 
we have worked out, which is somewhat 
different from those above, assumes that 
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the J = 1 model applies to each of the 
channels individually, and that the outputs 
of these channels all feed into a single 
channel to which the J = 1 model again 
applies. No work has been done on xk > 1. 
Let S denote the random time of signal 
onset after the beginning of the trial, that is, 
the foreperiod, and let R denote the time 
of the response, again measured from the 
beginning of the trial. Our problem is to 
derive the distribution of R under the 
decision rule that a response is initiated 


at 
the end of the first IAT 


that does not 


exceed 8. The difficulty of the problem 
lies in the fact that we work not with the 
first IAT 


» as in the yes-no designs, but 
rather with the first IAT that meets 
criterion. This difficulty appears to be 
inherent in any situation where the possible 


onset of the signal is not Specified experi- 
mentally. 


Analytically, 
composed of its 
fixed foreperiods, 
bution being w 
of that foreperi 
case of a fixed fo 
We, therefore, 
With parameter 
and with parar 
interval [x, 0), 


a 


the distribution of R is 
Separate distributions 


meter u (>v) during the 
denote the time 
of the ith event in this Process, where 


Yin > Yi. Define the decision random 
variable D as follows: 
D=zżif 


wah Ya Yia < £, 
and for all 7 = Le 


and only if for Some integer j, 


“FQ, 
Yin — Yi» g. 
That is to say, D 


of the first IAT th 
the notation 


is the wait until the end 
atis < g, We introduce 
I(xt) = P(D = t|S = 


for the distribution 
It is also conveni 


x) [43] 
of decision latencies, 
ent theoretically to 
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introduce 


lo(x,t) 
—- P(D-1|s 


which is the same density subject to the 
condition that the first event occurs at 
time 0. . e 

Although most RT data are given in the 
form of approximations to the following 
conditional density 


fr-s(t) = P(R =S = IIR > S) 
f re-s =i|S=x,R >x) 
0 


XP(S — x)dx, 


it is not sufficient simply to study /(x,) 
for > x. The reason is that the observed 
Tesponse time density is the mier gn 
of the decision density with the residua 
one, and so some responses following signal 
onset arise from decisions reached before it. 

Our problem is to derive an equation for 
Hx). "This is a rather more difficult task 
than its Simple statement suggests. The 
only relevant literature which we have 
found is Gilbert 
studied the case x = 0; they called it a 
Poisson coincidence counter, 
degree we will repeat 
work, but it is more difficult than it is worth 


not to make our treatment of our particular 
problem self-contained, 


a portion of their 


Expressions Jor lo(0,t) 


The key to underst 
first, to underst 
Which there is 
and the first pul: 
to solve for Jo, 
that /, satisfies 


anding the process is, 
and the simplest case in 
only one Poisson process 
se is at the origin, that is, 

In Appendix C we show 
ue OS tS B 
1o(0,t) = 


t—p 
uen f, €" lo(0,y)dy, | > g 


Which is an integral eq 
type with a lag 
three Ways (see 


may prove useful at One time or another: 


D 


{uation of retarded 
We can solve it in 


ae 


x and Yi — Q), [44] 


[45] | 


and Pollak (1957) who | 


To some | 
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First, we h: ici R 
E n we have an explicit series expansion ; 
ave found this expansion least useful. 


m 
lo(Q,t) = pe~ L a(m — 1 — à) 
i-o 
- ult — on — is} 
z 


(m— 1)8 <t< m8 [46] 


, 


where 


ew e 1. at) =o: 


am) =F Y a — ya, 


del k=l 
[47] 


on we work out an approximate solu- 
Tayl or small B. The trick is to make a 
i pow Series expansion of the integral 
ei "quation 45 about £ in powers of 8 and 

ain only the linear term. The free 
instant is determined by the fact that so 

a density. This yields the approximation 


for m > 1. 


pen, o<t<sB 
1o(0,t) = [48] 
/! o—pn! Ip—p! 
Where pipes mp 
HB 
ra iF 9 
inb a [49] 


And third, we can find the Fourier trans- 
orm of /9(0,); it is surprisingly simple :'° 


co 
Lo(0,w) = 1 e-i9t lo (0,0)dt 
0 
ais g- Get] 
Ses do tT = pen Garin" 
As J. W. Tukey suggested to us, 


argument leads to Equation 50. The process 
Consists of n=1, 2, +++, independent drawings from 


the exponential distribution, the first n=l of which 
ae >8 and the nth is <A. As is easily computed, 
€se two truncated densities have transforms 


[50] 


a simple direct 


i — g-oH9)98] 
Uy, HEP 2 o Tad 
lay = ae and Vw) = ae £799) (u + do) 
d Probabilities of occuring e^ and 1— dila 
spectively. Thus, 
—#8) V (w) 


Loo) = Y Lew Uw) PA e 


(1 — e7##) Vw) 
. 1— eU (o) * 
Which is Equation 50. 
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Results for \(x,t) when x < 8 


We now use these expressions for lo. 
First, we find the Fourier transform of 7 


(see Appendix C): 
f e" (x,t) dt 


0 


L(x,o) 


(s = ju — [lw + oe + 1] 


X er Gets) 4 pm a | 202 


X D + (u — ver Gotz] 


à m 
+ u»xe- Cram — - 
iw +u 


X [1 — ett], [51] 
where Lo(0,2) is given in Equation 50. 
Assuming for the moment that we have 
estimates of the parameters v, u, and 8, we 
can use Equation 51 as follows. With a 
fixed foreperiod, the response density is a 
convolution of the decision time with the 
residual time, so its Fourier transform 


F(x,o) can be written 
F(x,o) = L(x,0)R()- 


Or, to use more data, if we have a distri- 
bution g of foreperiods, 


Flw) = n 
B 
= k g(x)L (x,e)dxR (w). 


This permits us to calculate R and so r 
from the data using Equation 51. The 
only difficulty is in estimating the param- 
eters, with which we deal below. 

For x X 8, we can compute the MRT 
from a signal onset at time x by using 
Equation 51 and the fact that 


f, Lf (dt = ilim e) 


wo dw 
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Carrying out that computation, 


.,. dL (x,o) " 
poder Man oot 
=ř+ 2a =g) A — Baer 
v 
de Cem — x, xx [52] 
where 
ed 1 Lage 
A (X = za) Léa 
T 
H 
v 1 
C= «s ro 1). 


Forv = 0 ory = 0, 


1 1 i: 
rer) [53] 


(ae) v 
— =--<0. 
Ox z=0 H 


MRT, = 


and 


y decreasing B. 


and C, MRT,, 
X X B, must increase with increasing mean 


foreperiod. This Was observed in Green 
and Luce (1971). Unfortunately, we can- 


not check their Observations in greater de- 
tail until we know m 


ore about L(x,t) for 
x. 
MRT Data 
Assuming that the noise 


is negligible, 
and recalling 
17 that the mean (or 


MEs are Proportional to 
ME = Dy, then 


so Equation 53 applies, 
from Equation 

geometric mean) 
4, that is, 


for u large 
MRT SF+ D: 

ME ets MEZ’ for u small 
[el — g-uB £v ug). 


and Gilden 
of several 


Vaughan, Costa, 


(1966) 
Showed that the data 


authors for 
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visual signals of fixed duration are con- 
Sistent with the formula 


MRT =f + D'/D, 


where J is luminance. As they point out, 
it is noteworthy that “subjective E104 
ness," as determined by the method of e 
grows as I! (J. C. Stevens & Stevens, 19 93; 
S. S. Stevens, 1957; S. S. Stevens & Ga- 
lanter, 1957). Assuming that the magni- 
tude estimates are proportional to I, then 
at least for moderately large u we would 
expect Vaughan et al.'s result. The only 
complication in this argument is that d 
obtained the data using exceedingly brie 
signals—in their own data, T= 10 oo 
(in those of others T = 55 msec. ie 
msec.). For these data to be compatible 
with our theory, it is necessary to suppose 
that the effect of a very brief visual signal 
on the neural pulse train is much longer 
than the signal’s duration. j 

For loudness, McGill (1960) has inter- 
preted his data as showing MRT is linear 
in ME“, Taking the data reported in 
McGill (1963), unpublished data of J. G. 
Snodgrass (personal communication, 1962), 
and those of Chocholle (1940) and choosing 
7 to be 5 msec. smaller than the MRT to the 
loudest signal, we obtain the curves shown 
in Figure 7. Since Chocholle did not obtain 
MEs, we have plotted his data as if the 
magnitude exponent were .3 (his other two 
subjects give nearly identical results). 
These plots seem to Support the theory; 
however, whether or not one says the slopes 
are —1, as predicted, depends on exactly 
what choice one makes for 7, 
by only a few milliseconds has an enormous 
effect on the apparent slope. 


a different choice from ours. 
data, which coy 


Altering it 


McGill made 


We need schemes to estimate y 
As we shall see, 


methods for estimati 
# except when 5 is 
do not Presently ha 
ing y. 


; 4, and f. 
we have satisfactory 
ng v and £, but not for 
small. For other B we 
Ve a method for estimat- 
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Fra. 7. Plots of MRT — 7 versus ME of loudness of 1000-Hz. tones from 
a, it is assumed that ME = al, 


three experiments. 
In each case, F = MRT min 


(For Chocholle's dat 
— 5 [in milliseconds]; for the Snodgrass data, 


the loudest signal [ME = 1500] is not on the graph.) 


On the assumption of a known small 8, 
then to estimate y it is sufficient to estimate 
^' and use Equation 49. To estimate u' 
We use the approximate expression for 
19(0,t), Equation 48 (which is where the 
Assumption of small 8 enters), in equations 
for l(x,), convolute the result with 7, 
and integrate that over an arbitrary dis- 
tribution of foreperiods. As we show in 
Appendix C, the resulting density of re- 
Action times has tails of the following 
form ; 


Jus(t) = PR — S - IIRZ $) 
£ Acht 4p Be~", 
t> rd 28, [54] 


Where "RET 
Bd 5 uw’ is given by Equation 49 and A 
depend on v, u, r, and the distribu- 


tion of foreperiods. Observe that 


u' uB 
z Eq 


and so for 8 sufficiently small, w’ is 


appreciably smaller than p. Thus, ga% 
is the dominant term in Equation 54 and 
so the tail of the distribution of RTs 
allows us to estimate p’. 

To get at the parameter v, consider 
I(x,t) for t X x. It can be shown (Ap- 
pendix C) that (x4) = /(,4) fo £x 
and that it satisfies the following integral 
equation of retarded type: 


ple", is ef 
i—B 
Kt) = zu e" l(z,z)ds + 9) 
0 
t» B. [55] 
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To calculate the Fourier transform, we 


note that (t) = L( ct), and the pes 
is simply the convolution of ve wit 
lo(*»,t). Therefore, 


Llw) = L(co,e) = Eie. 


However, Lo(c,o) is just Lo(0,o) with y 
replaced by », so by Equation 50, 
a r — e—(iwt+r)p 

(z + ;) Li — e ] 

L5) = lleA—9ÀÀ 
E 


[56] 
Wm aM g^ Go-7)8 

tw +y 

Moreover, if we assume that for ; > 7’ 


L(t,t) & Cet 


then direct substitution into E 
collecting terms in e~t and e~t 
ing »' and C so 
yields 


[57] 


quation 55, 
; and choos- 
that the equation is satisfied 


ues v[1 — et~ 


9] Cip, C58] 


denote the d 


which the 
signal onset. 


of foreperiods ls \ e, then 
Fr(t) = Ke- tre 


where K depends on v, B, and v. 
can estimate v’ from the tail of fr. 
n Order to estimate y and 6, we need 


another expression relating them. We 
turn to that next. 


b> r+, [59] 


False Alarm Probability 


If we use an e 
foreperiods, the 
alarm is easily see 


P(R < S) 


-f e Lysy)r (x "a y)dydx, 


which is simply the LaPlace transform of 
the convolution of l and rz, and SO it is the 
product of their res i LaPlace trans- 


"nique as used 
ransform of L(t, t) in 


Xponential distribution of 
probability Of a false 
n to be given by 
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Equation 56, we obtain 
POL = S) 


á , i — p-O0-cr»)8 
(s m ; [1— e ] 
LG 380 AN 


A. 
1 p 
a 


[60] 


v 


DW ji pn (t)dt. [61] 
0 


Observe that by solving Equation by 
for 8 and substituting it in Equation 60, 
we obtain 


where 


e E © 1 — f(a) | 
Nt ^u (1 + ax)[1 + ax — Flea] 
where 
v= y' /y 
a = A/y' 
fa) = (1 — x) Uae) / (Ix) 


This function is plotted in Figure 8. It 
can be used as follows: Since A is deter- 
mined by the experimenter and v’ can be 
estimated by Equation 38, a is known. 
Observe that for ^ sufficiently small, 
Bae oe Af. 

We can determin a very intense 
signal, is also known. 
i d, from which we ob- 
tain », and so B is determined from the 
plot of By (Equation 28) also included in 
Figure 8, 


Moments of the Response Time Distribution 
If the Sig 


tributed, th 
is 


nal onset is ex 


Ponentially dis- 
e overall respo 


nse time density 


/ Ne? (x t) dx. 
0 


Its Fourier transform is 


Là (co) -f zu] Ae Le t) dedi 


= | Aerer, (x,w)dx, 
Where 7, is given by Equ 


ation 51 for x < B. 
t CXpression 


could be obtained 
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Fic. 8. Plots of P(R < S)/R.4 versus x = »'/v with a = A/v' as à 
parameter and of 8» versus x. (Assuming P(R < S)/R. and a known, this 


plot may be used to estimate v» and £.) 


x: x B, then the moments could be ob- 
amed by taking derivatives of Zy(w) and 
etting c —0. For example, the mean 
Would be given by 

lim Z dLa (e) 


w->0 


dw 


In principle, this gives us all the additional 
equations needed to estimate the parame- 
ters without invoking any approximations. 


Estimates of u for Sound Intensity 


It is easy to estimate Umax/Hmin from the 
empirical fact that, roughly, Lasx/ J wes is 
101°, So, from the ME exponent of .3, we 
Conclude awa peta 16 bout 10°. It should 
ben s that this estimate is considerably 
ie dic hn the observed range of pulse 
| aie 1e peripheral fibers (Grossman & 

“n, 1961; Kiang, 1965; Rodieck 
et al., 1962), A 5 xt 2 » al: 
10 is much A. one O 10° Is unusual, 
either some —— ug a This suggests 

of transfer from one 


neural path to another as intensity in- 
creases or that the central system has 
considerably more dynamic range. 

We do not know of psychophysical data 
that permit us to estimate either umin Or 
The nearest that we can come to it, 


HL max: 


‘ which illustrates the method we would use 


to estimate umin if the data were available, 
is to estimate the value v, corresponding to 
the noise background used in our experi- 
ments, namely, a noise power density of 
40 db. We use two methods. The first 
probably underestimates v because it as- 
sumes J — 1. It is based on the analysis 
of the random foreperiod RT experiment. 
We estimate v and 8 by the method sug- 
gested following Equation 60. According 
to Green and Luce (1971), in an experi- 
ment with mean exponential foreperiod of 
2 seconds (A = .5) and with 10,000 ob- 
servations collected from each of two sub- 
jects, the tail of fr (Equation 59) is ex- 
ponential, v’ = .07, and P(R < S) &.1. 
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If we assume, as is plausible, p 2, then 
Ra-1-—(5(2) -.9 Solving in Fig- 
& .35 and 8 £ .8. 
Ex ge method is based on fixed- 
interval yes-no data and on the assumption 
that the response rule ignores the termina- 
tion of the interval. In that case, the 
noise equation is the same as in the re- 
Sponse terminated case, Equation 26. 
With a reasonably strict 
probably safe to assume « = 1, B s 2 
and that p(Y|n) 2.1, If $0, using the 


normal approximation to the gamma, we 
see by Equation 30 


criterion, it is 


Jg — 1) = 2(n) & — 1.30. 
Using our estimate of J = 27, we obtain 
» > 3.72. Note that this corresponds well 
with the esti 


mate from Grossberg’s (1968) 
MRT data for brightness. 
With the latter cst; 


= 90, son = 335, ForT = i 
Second, 4T > 167 > 65 = K, hence these 


numbers are i ith our definition 
of a Strong signal. 


According to the 
(1967), 


the 
um 
ea 
alue 


Thus, a maxim 
signal would b 
d, that is, a v 
This does not 
with the Psychophysi- 

of magnitude difference in our 
estimates of v, .35 and 3.72, Probably re. 
e fact that we have incorrectly 
ng the random 
To show that this 


for the discrepancy, consider 
TSi mod 


el for this experi- 
ment. Each of the 7 parallel channels 
processes pulses as we hay 


© assumed; how- 


ever, whenever two successi 


less than 6 a 
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channel, then ; 


carries the superposition 
of the outputs 


of the J parallel channels- 
When there is no signal, the pulses on the 
common channel should not cluster; when 
there is, they should cluster. Moreover, 
if J is sufficiently large, the process on the 
common channel is approximately Poisson, 
even though the recurrent events on the 
parallel channels are not (see Cox, 1962, 
pp. 71-79). Finally, we assume that the 
common channel triggers a response ac- 
cording to the J = 1 model with a criterion 
B Æ à. 


From Equation 50, we obtain 
ipa — ec) 


as the mean time between Successive out- 
puts of each of the parallel channels. T 
the intensity 
channel is 


hus, 
parameter of the common 


v= Jy(1— ari) e Jyt. 


So, if y= 342, Js 27, and 8 « 
then y’ = :373, which seems to account for 
the order of m 


agnitude difference in our 
estimate. 


According to the arguments leading to 
Equations 54 and 59, the tails of both the 
alse alarm and RT densities should be ex- 
ponential in a simple RT experiment with 
àn exponential distribution of foreperiods. 
Luce and Green (1970) verified 

iction, and they estimated" the 
ters u’ and v’ for various sign 
€t mı and », d 


enote the corre 
single-channel] values which 


001, 


this pre- 
parame- 
al intensities. 
sponding true 
are related to 


everal parallel 
If 118 is small 


cording 
© the above 


' We estimate 8 
ond. "Therefore, 
approximations are 
Continue the calcu- 
*cause the results 


p n Spite of that, 
lation as if t s 
Seem Consiste; 


we 
nt wi 
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Fic. 9. Estimated 4'/v' versus the ratio of signal power to noisefdensity 
in decibels. (The two Poisson parameters were estimated from the tails 


[> 500 msec. ] of RT densities. 


(Reprinted from an article by R. D. Luc 
Copyrighted by 


Psychophysics, Vol. 7. 


Telative to 1, then 


E es uyB itn afa) 
A 1+ 16° ye ^ Xn "P 


Fi e 
eee 9 presents the empirical plot of 
wa ms signal-to-noise in decibels for 

zu We see that to a good ap- 


Wem M i 
showed "m u'/v', and so by what we just 
I(n), ne is a power function of I(s/ 
Postulates a again one of our basic 
the factor f oreover, taking into account 

ol 4, the estimated exponent y 


This is Figure 9 of Luce & Green, 1970.) 


e and D. M. Green in Perception and 
Psychonomic Journals, Inc., 1970.) 


is .4, which is well within the range of 
values found by magnitude estimation of 
the intensity of pure tones. 

For a particular signal-to-noise ratio, we 
can also estimate u/v from response ter- 
minated yes-no ROC data. For example, 
we have found that 10 log P/No = 16.5 db. 
yields a value of about 1 for d', that is, 
2(s) = land s(x) = 0. From Equation 32, 
we see that 


Fa1+t/J, 
v 
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which with our estimate of J £27 mee 
J 3 ent, the 

u/v = 1.193. By the above argument, 

E value of u'/v' should be (1.193): 

= 1.85, which falls between the two data 

points. If we reverse the argument, this 

Provides an independent estimate of J 


which agrees with the earlier one from ME 
data. 


SUMMARY 


The postulates of the theory 
intensity is transformed 
Poisson processes on parallel channels; the 
(intensity) parameter of these Poisson 
processes is a power f unction, with exponent 
7, of signal intensity ; decisions are based on 
the IATs of pulses, which are estimates of 
the Poisson parameter; up to K [ATs per 
channel can be collected 
to reaching 


are: signal 
into J identical 


and stored prior 
a decision; and observed re- 
Sponses are delayed beyond the decision 
time by the addition of a residual latency 
which is no longer than + seconds, 

These ideas were worked out 
detail for various standard t 
ments, and a number of w 


were shown to follow, Several postulates 


were tested, and estimates were made of 
the several parameters, 


Aside from neuro 


in some 
ypes of experi- 
ell-known results 


\ Physiologica] data on 
Peripheral nerves, the Strongest evidence 
for the Poisson assumption co; 
exponential decay of RT 
Port for the Power function ca 
direct Sources—ME data, the na 
€crease in MRT With signal 
and a plot of Poisson parameters 
from the tails of RT densities 


ture of the 

intensity, 
(estimated 
) versus signal 
pre- 
ratifying that 
Ponent y were 


3-4 for sound j i 
] nd intensit A 
Actual values of the Poisson parameters 
based on yes-no and RT s 


ata, Suggest a 
the noise back- 
.*: OF a mean IAT of 
A Signal-to-noise ratio cor- 
ad’ of 1 yields a ratio of 


250-350 msec, 
responding to 
u/v of about 12 


ants J and K 
work should 
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them. From Weber's fraction, we con- 
cluded that for 1000-Hz. pure tones, JK 
has a value of about 1750, Two arguments, 
one based on the ratio of the mean to 
standard deviation of MEs and another on 
a yes-no ROC curve and a previous esti- 
mate of u/v, suggested that J is about 27, 
in which case K is about 65. Finally, we 
estimated 7 to be about 300 msec. on the 
ground that simple RTs to intense signals 
are very nearly the residual latency. 
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By integrating either density (the latter is easier), we obtain Equation 38. 
The Fourier transforms are: 
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Differentiate this for / > f and collect terms 
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A similar treatment of the third integral yields 
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Adding the three terms gives Equation 51. 
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where A’, B' are functions of v, p, B, x, and r. Assuming an arbitrary density £ of foreperiods, 
2 
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where A, B are functions of v, kL, B, g, and r. 


Proof of Equation 55 


First, we show that for £ < x, Hx) = L(t). By Equation C1, we see that it is sufficient to 
show that l(x,) = lo(,). By Equation C3, this is true for x < B and for 1 X B <x. For 
B «t€ x, it is true provided that I(x — b, t — 6) = i(t =p, t— B). By a finite induction 
of the form x — if, the proof is reduced to the already proved case of x SB. Now, with ¢ Sw 
Equations C1 and C2 yield 
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Proof of Equation 59 
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Partial Results about I(x,t) forx > B 
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L(x) = { ý emit Lx, Ade 1 
0 


= i 1 e-ietl(tt)dt + e7e7 Í * gres, y + x)dy ' 
0 0 


2 a s e "ue? 9 (0,0) 
-( “ ya — [(» + io + 1)e-0*999) + ji NT ras M 


v + iw ; 
The problem in going further is how to evaluate the integral in the second term. One possi — 


bility is to use the approximation of Equation 58; however, we are eed on e RE 
Near 8. If so, then it is easy to calculate the mean decision time for x > B, which toge E 


Equation 52 allows us to calculate the MRT for any distribution of foreperiods. As this expres- 
Ston is both complex and approximate, we do not present it. 
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The theory developed here Proposes that 


volves two distinct Processes: ac 


and for the quantification of each. 
probability learning, 
the theoretical useful 


as opposed to traditio; 
control is illustrated, 


Although learning theorists have long 
emphasized the distinction between learn- 
ing and performance, little attention has 
been given to skill in the application of 
knowledge in tasks which do not involve 
motor performance, Rather, there is an 
implicit assumption that once knowledge 
has been acquired, the application of this 
knowledge is largely dependent on certain 
experimental circumstances, 


“Or example, Deese and Hulse (1967) 
point out that 


Sometimes we have 
Organism is simply 
learned because we have not chosen 


tions which will assure the o 
Propriate behavior Cp. 62]. 
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performance in cognitive tasks in- 


quisition of knowledge and cognitive control 
over knowledge already acquired. A conce 


presented which allows for the disentang| 


ptual and analytic framework is 
lement of knowledge and control, 
of multiple-cuc 
nterpersonal conflict supports 
ork and indicates that poor perform- 
buted to incomplete cognitive control, 


€ Importance of cognitive feedback— 
nal outcome feedback 


<—for the development of cognitive 


habits"), a 


nd that a good share of the "use of 
habits" de 


pends on current motivation Lp. 287]. 


Other theorists, also stressing the import- 
ance of distinguishing between learning and 
performance, have Suggested additional 
determinants of the application of knowl- 
edge; for example, fatigue (Hilgard, 1956) 
and instructions (Mandler, 1967). Indeed, 
Mandler goes somewhat further and sug- 
gests that a distinction be made between 
"the conditions under which a subject will 
discover a Particular rule [and] his abilities 
fouse . . . it [p. 22; italics added ]." 
Although the explanations for the inap- 
propriate application. of knowledge men- 
tioned above are by no means identical, 


they are (with the exception of Mandler) 
quite similar in one i 


Specifically, they all a 
tentia] 7 


except in Psychomotor tasks. 

he position taken here, however, is that 
acquisition and application are independent 
components of learning in cognitive tasks 
as well as Psychomotor tasks. Conse- 
quently, we argue that the development of 
skill—or control—in the application of 
knowledge already acquired is a matter to 
be investigated, T of this paper, 
therefore, e the concept of 
Cognitive c. » to indicate its theoretical 


ical context, and to illus- 


in studies 
and inter- 
In addition, traditional 
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COGNITIVE CONTROL 


o cine feedback is identified as an im- 
ediment to the developm gniti 
al pment of cognitive 


THEORY 


ee to our treatment of cogni- 
dien E die methodological and con- 
vie amew ork developed for studying 
i: rini M pe pie cue probability learn- 
e asks. major reason for the emphasis 

multiple-cue probability learning tasks 


.1$ the fact that such tasks have essential 


itu is e ees with a broad range of 
Gre ien asks hu man subjects routinely en- 
riri b abes the laboratory. Aside 
atr aid , there are two additional reasons 

ying the problem of cognitive con- 
trol in the framework of multiple-cue 
probability learning tasks: (a) Multiple- 
cue probability learning tasks can be varied 
sufficiently in complexity and uncertainty 
so that both knowledge and cognitive 
control can be varied extensively, and (b) 
quantitative separation of knowledge and 
control has been accomplished within this 
framework. 


Variations in Complexity and Uncertainty 


Multiple-cue probability learning tasks 
can be varied in both complexity and un- 
certainty in at least three ways: (a) the 
number of cues related to a criterion can 
be varied, (b) the uncertainty associated 
With each cue can be varied by creating 
differential cue validities, and (c) the form 
of the relation between cue and criterion can 
be varied; either positive linear relations, 
negative linear relations, Or various non- 
linear relations may be used (see Brehmer 
& Lindberg, 1970; Knowles, Hammond, 
Stewart, & Summers, 1971; Naylor & 
Clark, 1968; Sheets & Miller, in press; 
Summers, 1969; Summers & Hammond, 


1966; Uhl, 1963). 


Quantitative Denotation of Knowledge and 

Control 

iac ag age of multiple-cue probability 

within Wc typically been carried out 

wik, 1956) runswikian framework (Bruns- 

(1966). As Tol pude by Hammond 
ustrated in Figure 1, Bruns- 
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ACHIEVEMENT (fo) 


CRITERION 


*s ! 
CUE ^w. cuE 
VALIDITIES DEPENDENCIES 


CUES (4%) 


Fic. 1. Brunswik's lens model. 


wik's “lens model” has been used to convey 
a pictorial model of the relation between 
subject and task. The mathematical speci- 
fication of the relation between cue valid- 
ities and cue dependencies in Figure 1 was 
introduced by Hursch, Hammond, and 
Hursch (1964), and modified in various 
ways subsequently (Dudycha & Naylor, 
1966; Rozeboom, 1971; Tucker, 1964). 
Tucker's (1964) development of the lens 
model equation will be used here. It reads 


as follows: 
n = GRR. + CVI-R? Vi-R? [1] 


where 

fa = the correlation between Y. and Yi; 

G = the correlation between the linear 
prediction of Y, and Y, from the 
cue values; 


R, — the multipl 

the cues and Ye; 

the multiple correlation between 

the cues and Ys; 

C - the correlation between the vari- 
ance in the task system and the 
subject's judgmental system which 
is unaccounted for by the linear 
component G. 


e correlation between 


E - 


When the systematic variance in the 
criterion can be accounted for by a linear 
function of the cue values, then thecontribu- 
tion of the second term on the right-hand 
side of Equation 1 will be negligible. Equa- 
tion 1 then reduces to 


ra = GR.R. [2] 
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Equation 2 may, of course, be applied to 
nonlinear functions in the case where = 
appropriate transformation can be 
—as in all the studies described below. dt 
is Equation 2 that makes the distinction 
between knowledge and control most ap- 
parent. Therefore, each term in Equation 
2 is discussed separately below. 

fa (achievement): This term measures 


performance; specifically, 7, represents the 
covariation of the subject's judgments (Y,) 
with the criterion (Y,). 

G (knowledge): This term measures the 
extent to which the subject has correctly 
detected properties of the task. Specifi- 
cally, this term reflects the covariation be- 
tween the least-squares prediction of the 
criterion (Y) and the least-squares predic- 
tion of the subject's judgments (Y;) from 
the cues. When Systematic t. 
can be identified and represented in a 
regression equation, G denotes the degree 
to which the subject's cognitive system is 
isomorphic with the task system indepen- 
dent of uncertainty in the task system 
(R) or control in the subject's response 
System (R,). 

Isomorphism 


ask variance 


in the task Sys 


tive system are 


jects cogni- 
Proportional (se 
1971) 


€ Castellan, 


R, (task uncertainty) ; 
sures the Predictability of 
from the cues (X1) in the 
Sets a limit on th 


ment (r,) may oi 
and 


This term mea. 
the criterion (Ya) 
task system. It 
€ extent to which achieve- 
ccur, even if knowledge (G) 
a) are perfect (see Hursch 
Hammond, Hursch, & 
. iscussion of the limits 
of achievement under conditions of uncer- 


i rse, may be determined 
erimenter, 


ic ability of the subject’ 
om the cues (X). Note 
atistically independent of G, 


tical, for it means 


KENNETH R. Hammonp AND Day A. SUMMERS 


perfect knowledge), if R, were less 
unity (indicating imperfect control), B 
formance would be less than the limit o 
achievement (R,) would permit. ] Con- 
versely, R, might equal 1.00, thus indicating 
that the perfectly controlled cognitive 
System was not appropriate to the task 
system, thus preventing achievement (ra) 
from reaching its upper limit (R,). 

Two subjects, therefore, might have 
identical achievement indexes for different 
reasons; one because of perfect knowledge 
(G = 1.00) but imperfect control (Rs 
< 1.00) and the other because of perfect 
control (R, = 1.00), but imperfect knowl- 
edge (G < 1.00). Variations between these 
extremes could also occur, of course. 


APPLICATIONS OF THE THEORY 


Applications of the t 
trated in regard to (a) 
in complex 
(b) clinical 
tween two 
multiple- 


heory will be illus- 
individual learning 
» multiple-cue inference tasks, 
judgment, and (c) conflict. be- 
persons working together in a 
cue probability learning task. 

Individual 


Multiple-Cue Probability 
Learning 


In a recent experiment (Deane, Ham- 


mond, & Summers, 1972), subjects were 
studied in two three-cue probabilistic 
tasks: one in which the relation between 
each cue and the criterion was linear, and 
one in which the relation between each cue 
and the criterion Was nonlinear. It should 
be noted that previous research involving 
nonlinear inference tasks has shown the 


Typically, the 
Served in complex non- 
uted to an inability of 
€ct the task relation— 


acquire full knowled 

In the effort to 
trol, however, Dea 
subjects in both t 


Se of these tagl 
evaluate the role of con- 
ne et al. (1972) provided 
he linear and nonlinear 
task Conditions (after 29 Warm-up trials) 
with the knowledge necessary for highly 


Se 


COGNITIVE CONTROL 


LINEAR TASK 


2 a D 
JaA Ne een 


MEAN PERFORMANCE 


6 7 8 9 10 


1 2 3 4 5 
BLOCK 


Fic. 2. Indexes of achievement (ra), 
probability learning tasks. 


accurate performance; that is, subjects 
Were told how each cue was related to the 
Criterion dimension and how each cue 
Should be weighted. Moreover, this infor- 
mation was provided to the subjects in two 
different ways; verbally or pictorially. 
Following each learning trial, the subject 
Was given the usual outcome feedback; 
that is, the subject was informed of the 
Correct answer. 
The results of this experiment indicated 
that poor performance in complex inference 
tasks (e.g., those involving nonlinear rela- 
tions) cx be attributed to difficulties in 
Cognitive control, as well as to difficulties 
in acquiring knowledge about the task. 
At the conclusion of training (200 trials), 
ae level of predictive accuracy (ra) 
nr. by subjects in the nonlinear task 
med significantly lower than that 
dition ( P d subjects in the linear task con- 
cam be €: 54, respectively). Yet, as 
measured by E Figure 2, knowledge, as 
in tess two DR T essentially the same 
In contrast es by the end of training. 
» however, cognitive control 
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NONLINEAR TASK 


BLOCK 


knowledge (G), and control (Rs) in two multiple-cue 
(In each task condition, »=20.) 


(R,) was far below optimal for subjects in 
even alter 200 trials. 
linear task condition, 
distinguishable 


the nonlinear task, 
For subjects in the 
control (Rs) was hardly 


from knowledge (G). 
These findings indicate that knowledge 


and control can be disentangled empirically, 
as well as statistically, and demonstrate 
that even when knowledge is complete, 
imperfect cognitive control can prevent 
high achievement. 

It is important to note that the findings 
summarized above are not peculiar to tasks 
involving probabilistic cue-criterion rela- 
tions; that is, irreducible error. For ex- 
ample, Brehmer (1969) studied perform- 
ance in four different multiple-cue tasks— 
all permitting perfect accuracy (Re = 1.00) 
—and found considerable differences ac- 
cording to the type of task relation the sub- 
jects were required to learn and use. When 
the criterion was a simple linear function of 
the cues (Y. = Xi + X3), the subjects had 
little difficulty in rapidly achieving à high 
level of performance. When the task re- 
quired the subjects to utilize a complex 


"^w 
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LINEAR TASK 


1.0, aos 


MEAN PERFORMANCE 


BLOCK 
Fic. 3. Indexes of 


achievement (ra), 
learning tasks in 


Which perfect achiev 


nonlinear function ay 
performance Was genera 
Proved quite slowly, 
ne plausible explanation for 
ndings is, of Course, th 
the latter Condition we 
the task relations; that is, that Subjects 
Were unable to acquire the 
task knowledge, As can be se 
i however, a reanalysis of his dat 
the framework p 
quite a differe 
linear task 


/ X4), however, 
lly poor and im- 


Brehmer's 
at the Subjects in 
Te unable to detect 


asa consequence, 
Ce (ra) was near In con- 


perfect, 
» Performance (va) i nonlinear 


In the 
owly, and remained signi- 


1) below t 


nat attained in 
he linear task—even at the eng of 400 
trials. The R. and G Curves, however, 
indicate that this 


Poor perform 
nonlinear task cannot be attri 
to the subjects inability to le; 


relations, Indeed, G improved 
at the conclusion of training 
indistinguishable from that 

subjects in the linear task ( 
respectively). The Primary 


ance in the 
buted solely 
arn the task 
rapidly, and 
was virtually 
attained by 
98 and .99, 
Source of the 


NONLINEAR TASK 
10 


BLOCK 


(Ra) in two multiple-cuc 
task condition, n= 10.) 


suboptimal performance jn the nonlinear 


task was lack of full cognitive control over 
knowledge acquired; that is, Je. improved 
far more slowly than did G, and remained 
significantly (p < 05) less than that at- 
tained in the linear task at the conclusion 
of training (.78 and .90, respectively) 


Cognitive Control in Cli 


The analyses described 
the usefulness of cog 
planatory conce 
human learning, 


nical Judgment 


above illustrate 
nitive control as an ex- 
pt in laboratory studies of 


There is growing evidence 
that this Concept is also useful in accounting 


for Performance in nonlaboratory situations 
as well—such as those involving clinical 
judgment. 

Several investigators of judgment proc- 
esses (eg. Dudycha & Naylor, 1966; 
Ward & Davi ave argued that 


Judgment Polici ina Variety of domains) 
are frequently “correct”? 


t (implying high G), 
but are €xecuted in an inconsiste, 


1t manner 
low Ry T 


his point has been 
(1970) who made 
of the Lens Model 
how clinical 


| 


COGNITIVE CONTROL 


y ra 
pes M eae by inconsistency ; 
iom failure of control. Specifically, 
clinical a Tanal zed the judgments of 29 
Multiphasi M ee about 861 Minnesota 
ate enel ; ersonality Inventory profiles 
(G = .68) be While G was typically high 
Com 28). judgmental accuracy was low 
BS there is evidence that this poor 
"ity to k iss partially due to an ina- 
ment E nonlinearity in the judg- 
resulted En em is also evidence that it 
b. Bar Spi ack of control; that is, low 
control by S Goldberg produced perfect 
8 perfec oplaeg the clinical judge with 
effect hs d k erp linear model (in 
improved d m 1.0), performance (ra) 
findings ias 86% of the judges. Similar 
(1971) i ave been reported by Dawes 
made by 2 study involving judgments 
Thee graduate admissions committees. 
Naylor's results support Dudycha and 
s (1966) contention that 


humans 
len, 2 nd ^k generate "correct" strategies but 
reat. consi » d ail to use their own strategy with any 
Clusion tn. " ency . . . One is left with the con- 
nce Ree Une may be used to generate infer- 
1e huma ah but that once the strategy 15 obtained 
Placed l i ould be removed from the tem and 
by his own strategy [p. 127]. 


The 

. resu - . 

ing the lts also confirm our views concern- 

Sowleg theoretical distinction between 
dge and control. 


Cops ii: 

=e Control and Interpersonal Conflict 
Pro ee is evidence that the framework 
ines nly for 
kinds wl performance, but for certain 
. 9: two-person interactions as well. 
secu concern here are those inter- 
When oy conflicts (quarrels) which arise 
Ments f pessima must exercise their judg- 
ch Bis er conditions of uncertainty. 
Which E are studied in settings In 
farned to or more individuals who have 
Quite differe utilize probabilistic cues 1n 
and/or dino ways (different cue weights 
quired to er i. mun forms) are re- 
Cue probabilit 1 joint agreement in multiple- 

arge ee tasks. 
the Sainte oF studies have investi- 
» or disagreement, which 


here is significant not © 


ated 
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fg (AGREEMENT) 


9 


JUDGMENTS 


Fic. 4. Brunswik's lens model as applied to the 
two-person case. (Note that characteristics of the 
judgment task are repres ited on the left, while 
characteristics of each person's cognitive system are 
represented on the right.) i 


arise under these conditions, and all have 
found that the reduction of conflict occurs 
slowly, if at all, even when subjects are 
given outcome feedback which clearly in- 
dicates to each that his cognitive system is 
inadequate (Hammond & Brehmer, in 
press). A commonsense explanation sug- 
gests that the slow reduction in conflict 
merely reflects the reluctance of most 
people to alter their beliefs (even in the 
face of contradictory evidence). Examina- 
onflict behavior using the theoreti- 


tion of c ‘ 
however, points 


cal analysis proposed here, 
to a different interpretation. 

Such analysis is enhanced by the fact 
that not only can each subject’s behavior be 
examined in relation to an environmental 
task system, but each subject’s behavior can 
also be examined in relation to the response 
system of the other (Hammond, Wilkins, 
& Todd, 1966). As can be seen in Figure 4, 
the theoretical framework outlined earlier 
—including the concept of cognitive con- 
trol—is directly applicable to this type of 
interpersonal situation as well as to the 
individual learning and judgment tasks 
described above: ra represents agreement 
between the responses of the two subjects, 
G represents the convergence between the 
two systems, and R; and Rs represent the 
cognitive control exerted by Si and S2 
respectively. 

The result 
studies conducte 


s from interpersonal conflict 
d in eight different nations 


=s 
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(see Brehmer, Azuma, Hammond, Kostron, 


& Varonos, 1970; Hammond & Brehmer, 
in press) have been analyzed in the above 
terms. The results of these studies all 
point in the same direction: the subjects 
cognitive systems converged (G increased), 
but cognitive control diminished (R, de- 
creased) as a result of the interaction. Thus 
the quarrels—differences in judgments— 
continued despite increased agreement 47 
principle (increased G) 
control (decreased R;) 


ment in fact. These results imply that 
cognitive control plays a significant Part in 
interpersonal learning and conflict as well 
as in individua] learning and clinical 
judgment. 


; loss of cognitive 
Produced disagree- 


FEEDBACK AND CONTROL 


Why does cognitive contr 
such a slow growth curve re] 
edge (G)? Tf subjects know what to do, 
why do they not apply their knowledge 
more effectively? The answer appears to 
ie in the heretofore unexamined traditional 


form of feedback jn human learning 
experiments. 


ol (R;) exhibit 
ative to know]. 


Outcome Feedback 


as an Impediment to 
Control, 
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come feedback—learning 


clinical inference 
nonexistent. 

Of equal importance, however, are nu- 
merous findings that the removal of out- 
come feedback typically results in an in- 
crease in response consistency (Azuma & 
Cronbach, 1966; Bjorkman, 1965; Brehmer 
& Lindberg, 1970). These findings suggest 
that in addition to its limited usefulness in 


the acquisition of knowledge, outcome tendi 
back may be detrimental to control, as well. 


in a complex 
task was practically 


Cognitive Material as Feedback 
An alternative approach, more in keeping 
with cognitive theory, is to provide feed- 


control rather th 


or at least slows, the development of con- 


trol. Feedback which contributes to con- 
trol should 


to cope, 
nt-neutral learning task or 


the cognitive System of another person. Of 
particular Importance in this respect are 
two essentia] parameters: 


(a) differential 


(b) the form of the function 


, with- 
" grasp of the properties of 
Phe results 


X Ot two experi- 
ments indicate that they can, ^ 


these Studies (To, Jam- 
mond, 1965) employeq two dine St Hae 
in which the Subject was 
rmation afforded 
Predict à numeri- 
ese tasks, which 
Weight all three 
larly difficult to 
task is therefore 


Was Particy 
TMance in this 


ol primary interest here 


OUTCOME FEEDBACK 


MEAN PERFORMANCE 


3 
BLOCK 


?"ack condition, n = 12.) 


Lo jur innovation in this study ís 
cognitively ae of subjects received only 
ing (refern ED tented feedback during learn- 
by Todd red to as "lens model’ feedback 
ine em m Hammond). Using an on- 
Was Period er arrangement, each subject 
los iis ically given information about 
Broperticg of i (cue validities), as well as 
utilization of his cognitive system (cue 
Was gi coefficients). A second group 
b qe only traditional outcome feed- 
trial,’ Ag 2 the correct answer after every 
tive and lird group was given both cogni- 
"mixed" ie xa feedback (referred to as 
=a eedback). 
ode f as a measure of performance, 
Which : Hammond found that the group 
oe only cognitive feedback per- 
Mixed foodie accurately, followed by the 
Outcome | ack group, and finally by the 
Live fo e feedback group. That the cogni- 
ie duke back group performed better than 
gratify ome feedback group is theoretically 
Subject e S but what is surprising 1S that 
and UE Who received both the cognitive 
Performed 1. feedback (‘ mixed feedback) 
given len: less well than subjects who were 
ND feedback only. 
ata revealed t of the Todd and Hammond 
à nat performance in the mixed 
conditions can be explicated in 
Sees control. As can be seen 
docs in both the cognitive 
^ — conditions were able 
gh degree of knowledge 


th 


MIXED FEEDBACK 


COGNITIVE CONTROL 65 


COGNITIVE FEEDBACK 


piock 


BLOCK 


io. 4 " n / ; 
hoste Indexes of achievement (ra), knowledge (G), and control (Rs) in a multiple-cue proba- 
arning task under conditions of outcome, mixed, and cognitive feedback. (In each feed- 


about the task. The G indexes for these 
two groups were quite high throughout, 
and were near identical by the end of 200 
trials. On the other hand, control in the 
cognitive feedback condition was signi- 
ficantly (p « .01) higher than in the mixed 
[eedback condition, even at the end of 
training. (Note that neither knowledge 
nor control improved substantially in the 
outcome feedback condition.) 

In short, the cognitively oriented feed- 
back given to subjects in the cognitive and 
mixed feedback conditions facilitated the 
acquisition of knowledge about task proper- 
ties. The addition of outcome feedback to 
the mixed feedback condition, however, 
served to decrease cognitive control and 
thus contributed to the suboptimal per- 
formance achieved by these subjects. 

A second study employed the same non- 
linear judgment task used by Deane et al. 
(described earlier), but used an on-line 
computer graphics terminal as a means of 
providing feedback. This technique en- 
abled the subject to compare periodically 
his cue weights and function forms with the 
properties of the task system in pictorial 
form. (Some practical implications of the 
rapid learning associated with computer 
graphics techniques are pointed out in 
Hammond, 1971.) Even though a small 
number of subjects was employed (N = 5) 
the experiment yielded clear results. Per- 
formance (ra) reached the limit of achieve- 
ment after two or three comparisons. It 


=== 


-2 


MEAN PERFORMANCE 


3 
BLOCK 


Fic. 6. Indexes of 
(G), and control (R,) 
when cognitive feedb. 
graphic displays. 


achievement (fa), knowledge 
in a nonlinear inference task 
ack is presented in the form of 
(Block = 10 trials.) 


should be noted that the 
knowledge (G) by these subjects did not 
differ from that observed under outcome 
feedback conditions in the Deane et al, 


near optimal in both 
When subjects received only 
graphics feedback, however, control (R,) 
was high (see Figure 6). In 
; feedback which provide 
Priate cognitive materi: 
control to be executed 
ance to improve. 


acquisition of 


SUMMARY 


Our Purpose has been 
that cognitive control isa 
retical Significance, 


to demonstrate 


Concept of theo. 


znifice and that it is susceptible 
to quantification and experimental manipu- 


lation. In addition, when this concept is 
Drought to bear on important cognitive 
matters—individual learning, clinical judg- 
ment, and interpersonal conflict—it leads 
to explanations of behavior which 


meaningful and coherent across 
domains. 


are 
all three 

Furthermore, the evide 
gests that traditional, 
outcome feedback 


nce which sug- 
response-oriented 


is an impediment to 
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cognitive control (and thus ar sae, 
also points to the s cee ira 2 
cognitive material as feedback, This aus 
in conception of the notion of Vedi 

carries. considerable practical as well as 
theoretical significance, for it is now evident 
that computer technology can be used to 
produce such facilitating feedback. 
fore, it should be possible 
formance in complex cognitive tasks in 
which improvement has heretofore been 
unlikely. 


There- 
to improve per- 
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AVOIDANCE! 
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A theoretical account of asymptotic avoid. 


deals with shock density effects. 
the operation of two Processes. 
response latencies proportion 
ever, responding occurs only w 
biased difference between intersl 
and intershock intervals cont 
in avoidance Schedules resu 
chains. Analysis of these ch 
of response rates and shock r; 
schedule and on Several v. 
process require 
classical cued 
"avoidance decrement” 
Maintained responding 
which responses postpo; 


ariants. 


phenomenon. 


Early work in free operant avoidance 
(Sidman, 1953, 1954) and later reviews 
Anger, 1963; Sidman, 1966) have argued 
for the importance of temporal discrimina- 
tions of shock-due time as a critical de- 
terminant of avoidance performance, A 
recent quantitative account (Gibbon, 1971) 
has shown that much of the parametric 
data in avoidance js well described by an 
elemen tary scalar timing process underlying 
temporal discriminations in avoidance Ją- 
tencies, The theory holds that once the 
response has been learned, respo 

change, so that ch 
are solely a func 


nse strength 
anges in avoid- 
tion of changes 
f the account, 
to situations in 
ance pe 


ance rate 
in timing 
however, 
which th 


The Scope o 
has been limited 
© typical avoid 

! Reported in part ina 
Stochastic Timer 
Avoidance” 


formance 


Paper titled “An Elastic 
and Detection in Free Operant 
d read at the Mathematical Psychology 
meetings, Ann Arbor, August 1969, reparation 
of the Manuscript was facilitated by National 
Institutes of Health Grants GRS-5.S0.j RI 5 
and MH19085 to J. Gi 


ibbon, an AH- 

H. F. Hunt, | wish to thank A. CI ere ie 2 
or assistance in data analys 
larly grateful to G, G, Ne permission to 
include data from an unpublished study, 
Cbba aie a reprints 

bon, New York St Sychiatri i 
West 168th Street, New York, (e e 


68 


Behavior 
An elementary scal 
al to the length of th 
hen subjects discriminate a 
hock intervals cont 
aining no responses. 

lt in stoch 
ains are sh 
ates on the stand, 


astic systems known as 
own to produce first-order de 


The formulations for th 
a strong bias in favor 
avoidance suggests that 


on a retractable lever j 
ne but do not eliminate shock. 


lance behavior is Proposed which 
at asymptote is characterized by 
ar timing process generates 
€ preshock interval. How- 
"worthwhile" or 
aining at least one response, 
The two processes operating 
mi-Markov 
iptions 
avoidance 
discrimination 
trapolation to 
as is responsible for the 
extreme bias may account for 
n à discrete tria] procedure in 


ard uncued free operant 


of not responding. 
a similar bi 
A less 


results in 
shock. 

A growing liter; 
shock frequency pe 
timing behavior, 
portant determin 


a relatively low frequency of 
Mure exists in which 
* se, independently of 
appears to be an im- 
ànt of avoidance (Herrn- 
stein, 1969; Herrnstein & Hineline, 1966; 
Sidman, 1962). In these experiments, 
avoidance behavior of rats has been shown 
to be sensitive to the amount of the reduc- 
tion in shock frequency produced by 
responding, relative to shoc Írequency 
When subjects do not respond at all. The 
data have been advanced, however, more 
as a challenge to existing accounts of 
avoidance (e.g., two-factor theory), than 
as evidence for an alternative, Thus, 
While it is clear from these experiments 
that reduction of shock density is an im- 
portant variable in avoidance, it is not at 
ar how it exerts control, 


Process which 
improvement 
uced by the scal 
Timing 
scala 


frequency 
y ar timing 
is discussed first, 

assumption is used in ela 
Process for 
ance schedules 


ules results in 


pro- 
Performance. 


avoid 


a variety of 
sched 


Timing in these 
stochastic processes 
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called :semi 

a nos Siene: and the dis- 
Porated into pon hanism may be incor- 
The etched ts chains in a simple way. 
paradigms: s appii to three free operant 
Sidman oe uncued avoidance 
Shocks ^ b. 3), uncued avoidance when 
Boren & xum with some probability 
When shoes pai 1957), and avoidance 
Bióbeliites utter remped with dierent 
sponding Glens responding and not re- 
NM ue MM Š Hineline, 1966). 
Studied: rete fel situations are then 
Whelan a cued avoidance with a 
ment), and is response | (avoidance decre- 
ever respon avoidance with a retractable 
Not elimin: se which postpones but does 

nate shock (Hineline, 1970). 


TIMING 
or Avoid 
E time, 
3 Prescr 
Poning 


i procedures define an interval 
C eigens interval, within which 
response is effective in post- 
delivered eliminating shock. Shock is 
lapsos ae the preshock interval 
Cued Asinus a response. In classical 
Legins ai ance, the preshock interval 
While i 1 the onset of a warning signal, 
! uncued free operant avoidance, 


Pres] 
lock int 
Sponse k intervals begin with each re- 
; and shock : 
a Pubjects a 
are usually thought of as 


Iming” tl 
: 1e preshock interval when re- 


Pondir 

" A g 

erval, s tends to occur late in the in- 

Shock S hortly before the time at which 
Ould otherwise be delivered. As 


nge 
: Magis and others have pointed out, 
less ii later portions of the interval 
each Irequently than early portions, 
Opportunit: esponse occurrence precludes an 
Mase, to respond later in the interval. 
rects for tl of timing behavior which cor- 
Probabilit his difficulty is the conditional 
Wait of at "i a response at time t given 2 
Portunity bx t, that is, given an op- 
Measure rise respond at time £. When this 
approached s as the end of the interval is 
timing the subjects are thought to be 
latencies are RAM short 
e When or 
at over the p 


Occur 
Since 


eyen when 
R than long 
I era probability is 

k interval (indicating 
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an exponential latency distribution) or is 
decreasing, subjects are viewed as not 
timing. 

'This view of timing seems unreasonable 
First, the use of an ex- 


on two counts. 
in probability 


ponential or steeper drop 


density as a criterion is arbitrary. Any 
number of equally "random" latency 
mechanisms generate rising conditional 


For example, a latency 


density functions. 
al subresponses, 


which is composed of sever: 
each of which is exponential, results in à 
conditional density [unction. Yet 
regarded singly, meets 
the criterion for no temporal discrimination. 

A second objection is more fundamental. 
It rests on the simple requirement that 
timing behavior be tied to the size of the 
timing interval, so that changes in shock- 
due time produce corresponding changes 
in behavior. A strict construction of this 
view would hold that no conclusion what- 
about timing may be drawn from 
observation of a single latency distribu- 
tion. Rather, timing is indicated by 
changes in latency with changes in the 
preshock interval. The scalar timing 
process espoused here is just one, and 
possibly the simplest, of many ways in 
which latencies might change with changes 
in shock-due time. 

In Figure 1, hypothe 


tributions corresponding t 
to two different kinds of timing have been 


sketched. The top panel shows à prob- 
ability density for response latencies with 
a preshock interval of one unit of time. 
The tail of the distribution (stippled area 
to the right of 1.0) represents latency 
values longer than the preshock interval 
which might be observed if shocks were 
occasionally omitted. The area in the 
tail (q) is shock probability. The lower 
three panels represent distributions cor- 
responding to a preshock interval of two 
units of time. The first of these, labeled 
No Timing, represents a complete lack of 
correlation with the changed shock de- 
livery time. The new distribution is 
identical to the original, and shock prob- 
ability (g^) has been reduced by an amount 
equal to the area under the curve between 


rising 
each subresponse, 


ever 


tical latency dis- 
o no timing and 
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SHOCK 


posed here as the basic latency mech- 
anism in avoidance. The unit cist inntian 
is simply scale transformed for es 
values of shock-due time. In y = 
ample, the time axis is “stretched : y i 
factor of 2, so that probability density i 
Bi reduced at corresponding time values, but 
] No Timing shock Probability (q) remains the m. à 
In the scalar process, the time uni 
arbitrary. — For example, if the bottom 
panel represented the unit timer, then ^ 
top panel would represent this timing ed 
tribution rescaled by $. The scalar ce 
perty translates directly into expected 
Absolute Timing values, 


pec rj [1a] 
9g cs Th, [ib] 


where u and o are the mean and standard 
deviation of the unit latency distribution, 
and 7 is the preshock duration.’ 

The scalar process 
idealized description of 
ance latencies, 
literally, several 

arise. For ex 
TIME 


PROBABILITY DENSITY 


is intended as an 
asymptotic avoid- 
If the description is taken 
complications immediately 
ample, at short preshock 
durations, the time required to physically 
execute the response (motor time) may 
Panel), and for two represent a significant portion of the 
Panels). (The lower recorded latency, Variability ag well as 
nt, respectively, no change from E È : e 
on (No Timing), an absolute time is then added to the scalar component, 
time (Absolute 7 ming), anda and the resulting latencies are not scalar 
init of time (Scalar Timing), ) for short preshock durations, The size 
of the motor component, however, is small 
1.0 and 2.9, The third Panel, Absolute relative to the timing Component for moder- 
Timing, represents latencies Which are ate Preshock intervals. 
tied to the amount of real time before Very long Preshock inte 
shock delivery, The distribution is thus ficulty also, 
shifted to the right by an additive constant 
equal to the i 


Fic. 1. Probability densitie: 
duration of one unit of time (top 
units of time (lower three 
three panels repre 
the unit distributi 
shift of one unit of 
relative shift of one t 


S for a Preshock 


rvals pose a dif- 
The “Weber-like” 


variance 
Property (Equation 1b) suggests that 
~ InCrement jn Shock-due scalar timing may break down at some 
time Latencies in the 0.0 to 1.0 interva] jg ioni 1 i 
a B 5 at S la a scala is i ns 
uec BE medir SHinB, since yy. os kc en 2 distributions 
latencies Ss Temove from shock-due distributions truncated at shock delivery, The 
time ues not o5servable In the unit case Scalar Property for the truncated distributions is 
In Practice, timing of this sort Would be St) _ fy) 
indicated if the form of the distribution EQ ny Xie 
between 1.0 and 2,0 Were similar to the 
form of the unit timi i 


` and distri- 
were close to the 


ing to Preshock 


orrespond- 
; intervals of r and unity, respectively. 
-atencies reported in the literature are perforce 
The bottom Panel represents an ex- Tuneated at Hock-duc 
ample of the se i 


time, 
and 1b are to be inter or 

oh Rm : et 
alar timing process pro. truncateg distributions — 


and Equations 1a 
as applying to the 


upper lini 
wpe linit, analogous to the uper ini 
Wide seinifiecut Co psyclionliysits: 
appear at wap es do occasionally 
the scalar s CODR preshock durations, 
for the donee a perg holds approximately, 
range of ioi considered here, over a broad 
Another ermechate values, 
established fete factor is the well- 
tiveen m ee of dependencies be- 
Wertheim 1965 latencies (Shettield, 1948; 
tained caris SM between latencies ob- 
(Hineline à ima late in a single session 
1965), and Orneta, 1970; Wertheim, 
evn at quete rire, soe 
errnstein 1970) ri imine. f lineline & 
for seal” i Convincing evidence 
several sessione ‘s voe] pooling over 
nion ap ee mn even several deter- 
pooled distrib h preshock duration. The 
eterogeneon Mans are then mixtures of 
may he iti s ramponert distributions. lt 
of this TA an Gibbon, 1971) that mixtures 
tributions hi s i if the component dis- 
a ciiplex sveta ar. It thus appears that 
successive System of dependencies between 
May 


avoidance responses and shocks 

eine DEAE exhibit a very simple 

interval. & on the length of the preshock 
a, namely, the scalar property. 


TY 
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ama inel density effects to be described 
Sponse Common relativistic feature. Re- 
dieren s eil is directly related to the 
rate lies between two rates: the shock 
avoida ^en subjects are working at the 
hey eii task, and the shock rate w hen 
difference not responding at all. When this 
is Simi. is sufficiently small, responding 
high eo When both shock rates are 
oth sits effect is “punishmentlike. When 
effect is ock rates are close to zero, the 
tion ice o simia The discrimina- 
Spondi sd proposed here holds that re- 

ng declines in both cases for the same 


Teaso 
n—tha Be 
tell that the two rates are difficult to 
apart. 
Loosel 
y aaki . . 
SON S ien subjects are viewed as 
ating w - S LR 
Performance - EE er or not their timing 
E e sults i a "eth 
Initrowemume s n a “worthwhile 
Provement in shock density. | Under 
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some experimental arrangements, the im- 
provement is very substantial and avoid- 
ance responding is reasonably well de- 
scribed by scalar timing alone. Under 
other experimental arrangements, an im- 
provement is difficult to discriminate, and 
avoidance behavior shows a corresponding 
decline. The standard uncued free operant 
avoidance situation provides examples of 
both sorts of behavior. The discrimination 
process will be outlined for this situation 
first, and then applied to more complex 
experimental paradigms. 


Standard Uncued Avoidance 


In the standard uncued avoidance sched- 
ule, shocks are programmed at a constant 
time, r seconds, from a preceding response, 
and a possibly different constant time, s 
seconds, from a preceding shock when no 
response intervenes. Responses rec cle 
the postresponse apparatus clock (r-clock), 
so that all shocks would be avoided if 
subjects always responded within 7 seconds 
of the preceding response. For 72 5 
a well-trained rat may receive as few as 
1 out of every 100 shocks which would be 
delivered by the s-clock if he did not 
However, when 7 is small rela- 
tive to s, even very good avoidance perform- 
ances occasionally result in intershock 
intervals which are shorter than s. Sidman 
(1953) likened the result to a punishment 
effect, since shocks which closely follow a 
appear to suppress subsequent 
behavior, so that as 7 is made progressively 
smaller, responding is eliminated. In the 
context of a discrimination of shock density 
differences, this effect will be seen to de- 
pend on the value of s as well, since re- 
sponding at à small r value may still 
produce substantial improvement in shock 
density relative to the shock rate on the 
s-clock when s is also small. 

The realization of the discrimination 
process is a straightforward adaptation of 
detectability theory. After each shock, 
the rat samples two time values. One is 5, 
the time between shocks without a re- 
sponse, and the other is the value assumed 
by a random variable, x, which is the time 
between two shocks including at least one 


respond. 


response 
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Fic. 2. State diagrams for chains corresponding 
to the standard uncued free operant avoidance 
Schedule. (The th 


Tee state chain (A) represents the 
discrimination proci When subjects discriminate 
an improvement in shock density produced by 
responding, they enter State D before continuing 
to work on the avoidance schedule. For the two- 
state semi-Markov chain (B), the D state has been 
incorporated into the S state and transition proba- 
bilities and times adjusted accordingly.) 


intervening response. The two values 
compared, and discrimination of a worth- 
while improvement occurs when x js 
sufficiently larger than s. The comparison 
is stated in terms of time rather than 
rate for simplicity, For example, if x 
intershock intervals, Xi, Were sampled, the 


Comparison of shock would ask 
whether 


The 


are 


Mparison js 


, accord ion rule. 
‘scrimination of a Worthwhile difference 
between x and s occurs whenever 
bx > s, [2] 
The constant, b, is 


a multiplicative input 
bias which Systematically distorts the real 
improvement in intershock intervals pro- 
duced by j i 

ance, 


provement to occur. 


Whe 
2, is not met, subj 


value of x is sampled and p we ie 
s. When the criterion is met, sn Ta 
attempt the avoidance task, with respor 
latencies governed by scalar me v 
These assumptions are described by i 
state chain in Figure 2A. In the nemon 
state (State R), subjects recycle the ie 2) 
with variable interresponse times (irr n 
x tmd iming. These avoid 
governed by scalar timing. eer 
ance responses occur with ein d 
1 — q (Figure 1). When r seconds n P 
without a response (ins — r), a shock : 
delivered (State S), and this — | 
occurs with probability q. After pes 
shock, a discrimination trial occurs, xia 
the criterion, 2, is met with some probe 
ability, pp. Subjects are then thought Y. 
entering a “discriminate” state (atate Z 
in which avoidance latencies are again 
controlled by scalar timing. Disenmmna- 
tion trials are assumed to take negligible 
time (fsp = 0), and timing is assumed to 
e scalar across the r- and s-clocks. Thus 
after a successful discrimination, the first 
response is distributed as the scalar timer 
for s and occurs with probability 1 — q. 
Procedurally, the system in Figure 2A 
is a discrete trials procedure with no 
intertrial interval, in which trials begin and 
end with responses and shocks, and have 
variable durations. The three-state chain 
may be reduced to a two-state chain by 
combining the S and D states, This 
results in the mathematically more tract- 
able semi-Markov chain in Figure 2B. 
Such chains are like discrete Markoy chains 
in that transition probabilities are constant. 
However, transition times may depend on 
the state to be entered as well as the state 


occupied, and the System is not, in general, 
Markov in time.4 


In the context of F 
shock rates are the re 
recurrence times for 
Mean recurrence ti; 
semi-Mark 
similar ex 
those results of e 

* A ch 


igure 2, response and 
ciprocals of the mean 
the R and S states. 
me formulations for 
Ov chains are generalizations of 
iscrete chains, and 
Work which are 


. Markov in time has constant 
(instantaneous) transition Probabilities conditional 
; : € State occupied. This results in 
exponentially distributed transition times (see, e.g. 


TIMING AND DISCRIMINATION OF SHOCK DENSITY 73 


required for the analysis of interresponse 
and intershock times have been summarized 
in Appendix A. Before using these results 
a functional relationship is required bes 
tween discrimination probability, pp, and 
the settings of the apparatus clocks, r 
and s. 
Discrimination probability. The dis- 
crimination process as outlined above re- 
ar a comparison between sample values 
n ie random variable x, and s. From 
d gure 2B, the time between shocks when 
there is at least one intervening response is 


x= tsr torte, [8] 


aoe : ~~ sojourn time in State R ex- 
"3 y M final. transition to State S. 

X xture or “randomly stopped sum” 
With parameter » for thenumber of responses 
in the r-clock before the first shock. 


T = PD trey [4] 
ico 

Where, if responses are independent, 

D (, 

P@ =k) = (1—9)q, k-0L- [5] 


and y is shock probability (Figure 1). An 
eXact solution for discrimination prob- 
ability according to the biased decision 
rule, 2, requires a knowledge of the dis- 
tribution of 7. For an efficient avoidance 
performance, a symmetric form for 7 is 
Not realistic, For a good avoider, g is 
Small and the geometric mixing distribu- 
tion (Equation 5) dominates r, producing 
Considerable skew in the distribution of x. 
n Appendix B an approximate solution is 
obtained assuming an exponential form for 
i " his approximation is substantively 
*quivalent to assuming that subjects dis- 
egard variability in the transition times of 
‘gure 2, but attend to their means. 

l'he solution shows p» to be a function of 


the ratio of y and s, 
]- 9] 


— —q etd 
eoa Gl 
r 1 
- [6] 


a ng 


Pp- 


1.0 otherwise, 


where y is tl p 
d 1€ Mean of the unit latency dis- 


tribution, q is shock probability, and 6 is 
the bias parameter. The dependence of 
pp on the ratio of r and s (rather than, 
e.g., the difference) is an important feature 
of Equation 6 which stems from the scalar 
expectations for the latency distributions. 
The qualitative observation that response 
strength declines as 7 is made small relative 
to s has an intuitive counterpart in the 
above solution, since pp — 0 as (r/s) — 0. 
The dependence of pp on avoidance 
performance and bias is also appropriate 
in view of the parameter interpretations. 
Discrimination probability approaches zero 
whenever (a) avoidance performance is 
very inefficient (g — 1), (b) latencies are 
so short as to add very little time to the 
interval between shocks (u — 0), or (c) 
bias heavily favors not responding (b — 0). 
Evidence on the feasibility of this solu- 
tion for the standard uncued avoidance 
paradigm is provided by response and shock 
rates reported in Sidman's original in- 
vestigation. From Appendix A, the mean 
recurrence time formulation (Equations 
A6a and A6b) for the two-state chain in 
Figure 2B may be normalized for s to 
provide interresponse and intershock times 
as functions of 7/s. j 


MRR 


r g 
=c iis u)] EEE =F) 
+g(1—u.) [7a] 


mss _ ka = 2| nar [7b] 
S q s 


where mpr and mss are mean interresponse 
and intershock times, and pp is given by 
Equation 6. Equations 7a and 7b are 
constant for constant r/s; thus, data col- 
lected at different absolute 7, s pairs with 
the same ratio should superimpose. In 
Figure 3, data from one of Sidman's 
original subjects have been replotted on 
double log coordinates. The curves through 
the data are plots of Equations 7a and 7b. 
The parameter values were obtained by 
first fitting a linear function by eye to the 
response data at large r/s values, and then 
adjusting the bias parameter sO that the 
response and shock curves would intersect 
at s = 1. This resulted in a bias 
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Fic. 3, Mean inte 


response time (filled 
and intershock time i 


Points) 

e (open Points) as a function 

(Double-log coordinates 

to encompass the broad range of 

also because they Visually 

asing Variances With Means, a 
ar timing.) 


of r/s for one s 


heavily in favor of 
agreement between 
impressive for 
function, 
variable, 
sample, 


not responding. The 
data and theory js 
the mean interresponse time 
The shock data are more 
ased on a smaller 
The discrimination Probabili 
function for these parameter 
shown above the data Curves, 
ordinate hag been set at the z/s 
Which pp reaches 1, TI 
axis, labeleg ative improvement” 
represents EC (x — ș /s 


tive improvement 


in intershock intervals 
containing avoidance responses, Mean 
relative improvement is lin 


ear in r/s, and 
emphasize the 
avors not respondi 


has been scaled 


here to 
degree to which big 


is f. ng. 


Improvement is better than e per] ke 
magnitude before Po equals .6, : we 
is virtually zero when 'mproveniant b -- 
better than 100%. The dashed — 
the response and shock predictions à ri 
the discrimination process (i.e., = 
Pp = 1) The effect of the om fu hr 
crimination probability with dec apa is 
7/5 is discernible carlier in We hash n fe 
tion than in the response function. l ce 
because response response latencies, w en 
they occur, decrease Cod marcus ni die 
decreasing 7/s values according to the sca a 
rule. The exponential drop in pp, hows 
ever, eventually dominates the svetem "1 
entrances into the r-clock become les a 
less frequent. Mean intershock pees ra 
the other hand, decreases directly wit e 
creasing discrimination probability anc 
multiplying out Equation 7b, Mss/S is se 
to approach 1 as r/s approaches 0, 

Two other 


subjects were run in the 
Original study and their data, while mone 
variable, show the same basic features 
evident in Figure 3. In particular, ue 
bias in favor of not responding may be 
shown to be at least as strong as the bias 
lor rat 46, Ina loose, anthropomorphic 
Sense, subjects appear to undervalue the 
real improvement they are able to produce 
in intershock intervals by working.’ A 
Strong bias in favor of not responding will 
reappear later Where it will 
bear an important rel 
extinction, 


be seen to 
ation to asvmptotic 


ë The strength of the bi 


as in favor of not respond- 
ing motivated the ado 


ption of a multiplicative 
rather than an additive de sion rule, For example, 


the Minimum interresponse time for all three 
subjects occurs at an r/s value of approximately 
"or equal clock settings, there is always some 
improvement in the time between shocks when at 
"ast one response intervenes, even if only one 
inte venes. Yet bp values required to fit 
these subjects’ data at T/s 2 149 are in the neighbor- 
hood of 2, and the mean intershock time for working 
at these clock Settings is &PProximately six times 
the value of s. ausian discrimi- 
nation mechan; 
and E(x), 


Steep Psychometric 
quire an additive 
nits away from s. 
strain for a more 
hanism, the multi- 
y more appealing. 
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The theoretic: —— 
definitive descri s: ite: 5 data rather,than 
p scriptions. Chere is c 
siderable variability ar ANM n] 
tion and a sugyesti around the shock func- 
effects due to the. iit "s eo ud Saute 
Ignored in this Soneniatin, fie MN oe 
theory is certainly a p: PME euin the 
ton (27 data points yer par: SAU s FD- 
and the AeA me r parameter value), 
constant " Į EI of the data at 
nae he. malos represents important 
Srintinatten og scalar rule and for a dis- 
rather th, mide hanism sensitive to relative 

I than absolute 7, s values. 
ipm, LEAD e ies gyaipanse par- 
shock ii ranig is c iminated, as inter- 
the avoida; als obtained when working at 
tiveen sh t im ind approach the time be- 
Sidmas eg when no responses are made. 
terms er cuti described. the effect in 
shocks A punishment gradient," with 
the et — in punishment power as 
Cherie. [on e) interval is de- 
gradient 3 hile the idea of a punishment 
appealin Merci imprecise, it is intuitively 
relation om its simplicity and in its direct 
tradition; Y the well-known efficacy. ol 
Dating bel punishment procedures in elimi- 
in a - e cmi 1 he role of the s interval 
idei neon interpretation is not 1m- 
Tegard hi apparent. However, one might 
ligher Sota s intervals as establishing 
Possibl Avoidance motivation levels, or 
gradient establishing & punishment 
Possibiliti or not responding. [he latter 
Present dii are qualitatively close to the 
Smp iscrimination proposal, since a 
Papen is required between kou Son 

es of responding and not responding. 


S, j 
hock Probability in Uncued Avoidance 


fon bm oo alternative to punishment 
While ee behavior 18 extinction. 
ie Hu prises of the two procedures are 

Usually fia 16 underlying mechanisms are 
S Mei tg, be mpais different. 
havior ndn thought of as suppressing 
While the LE not responding, 
Procedure in e avoidance extinction 
Continued is th "ich shock is simply dis- 
removing the ce to exert its effect by 
ation for responding. 
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State diagram for the shock 
probability experiment. 


Extinction conditions may be approached 
parametrically in the standard uncued 
avoidance paradigm by reducing the prob- 
ability with which programmed shocks are 
delivered. When the discrimination pro- 
cess is applied to this situation, extinction 
may be viewed as the endpoint on a con- 
tinuum along which intershock intervals 
for responding and not responding are 
both increasing and becoming more vari- 

imination of an 


able. The result is that discri 
nt in the response distribution 


s frequently as shock 


improveme 
occurs less and les 
approaches zero. 
Boren and Sidman (1957) studied the 
shock probability variable and found that 
responding was only slightly reduced by 
lowered shock probability, until shock 
probability was dropped to very low values. 
In terms of the discrimination analysis, 
this finding will be seen to depend on the 
level of the original avoidance performance, 
and on the choice of the 7 and s parameter 


probability 


values. 
In the Boren and Sidman experiment, 


shocks which became due in either the 7- 
s-clock met the same probability, ?, 
of being delivered to the subject. When- 
ever a shock became due, the s-clock was 
recycled whether or not the shock was 
delivered. In Figure 4, the state chain 


or 
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Mean interresponse time 
function of she 


two subjects had larger shock rates, in- 
dicating higher gs, and it was felt th 
these subjects, the 
responding in S- 


at for 
assumption of negligible 


Was not tenable. The 
dashed functions are predictions assuming 
EBON re p g 

perfect discrimination (bp = 


= D), and the 


Solid curves assume the discrimination 


Process with the indicated bias. For all 
Subjects, omission of shocks produces 
small, though discernible, changes in re- 
sponding until z is very small. For one 
subject, AA-16, responding is only slightly 
attenuated even when only 5% of the due 
Shocks are delivered. According to the 
theory, this result depends on a highly 
efficient avoidance performance, Examina- 
tion of Equation 11 reveals that discrimina- 
tion probability increases with decreasing 
qd. That is, efficient avoidance behavior 
results in a more discriminable improve- 
ment in intershock intervals. Ag shock 
probability is lowered, intershock times are 
lengthened both for working and not work- 
ing; with the result that discriminability 
is not substantially impaired until very 
low values of u are studied, which produce 
considerable overlap in the two distribu- 


(filled points) and intershock 
ack probability (x) for three r. 


time (open points) as a 
ats. 


tions (Figure 5). In Figure 6, subjects 
are presented in the order of increasing gs 
(left to right), and it can be seen that the 
solid and dotted response curves begin to 
diverge at progressively larger values of u. 

For two of the subjects, the response 
data diverge more rapidly than the dis- 
crimination process predicts. These data 
would appear to require a steeper pp func- 
tion for a more realistic description. Since 
the approximations involved act to reduce 
variance in the intershock interval dis- 
tributions, further reduction in variance 
may require an averaging assumption. 

The theory appears to provide a reason- 
able first approximation to the data, with 
appropriate qualitative distinctions be- 
tween different levels of efficiency in 
the avoidance performance, Important 
confirmatory or disconfirmatory evidence 
would be provided by either of two variants 
of the experimental Paradigm. If shocks 
which became due on the r-clock were 
always delivered, but Shocks in the s-clock 
Were delivered with Probability u, the 
theory Predicts that response rate would 
begin to decline at much larger values of ut. 


| 
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qo Serie arrangement, which is more 
de js à to the previous application, 
oe a un the identical experiment, 
soit oo ratio. Small r s values 
gens sm an early decline in respond- 
dan * easing tt, while large r/s 
n clau make responding resistant 
ge with decreasing it. 


Differential Sh 37] 
. hock Probability ft - Tm 
and. Not Responding — 


PU dene ripe i vility experiment, 
in the r- and s- ary y equal frequency 
eralization of de uum um important gen- 
Dines extinctio Ti prac igm which com- 
faine ‘waa we : me punishmentlike 
and Hinelir j € ev ised by Herrnstein 
onl the (1966). In their procedure, 
Hopes bo response after a shock has 
ability S en consequences, and shock prob- 
deeida ter this response 1s programmed in- 
Lond ntly from shock probability after a 
for nis hod A state chain diagram 
The P tees is shown in Figure T: 
esses — after a shock initiates a 
This sinc ock (State R) set at 7 seconds. 
ripe: pex does not recycle with subsequent 
heh te At the end of the r. cycle, a 
e n delivered (State S*) with prob- 
With y My or not delivered (State Sr) 
bi probability 1 — ux When shock is 
ot delivered, the r-clock recycles, meeting 
the same shock probability until the first 
Postresponse shock is delivered. The re- 
sponse clock is then stopped, and the shock 
clock set at s seconds is initiated. Shocks 
are assumed to be followed by discrimina- 
tion trials as before, with discrimination o 
an Improvement occurring with probability 
P». When a discrimination trial favors re- 
Sponding, subjects attempt to time the s 
Interval and respond in time (/s*a < s) 
Pesci probability 1 — g- 'The discriminate 
the sl ege D) has been incorporated with 
iiem p k state, so that the St — R transi- 
When ah with probability p» = q). 
times gate ack un do not occur, the s-clock 
"n" which mK i meets a probability of shock, 
Streckes Museen i independently of m. 
probability iari "ips one another ues 
shock is not deliver boi — Ql When 
ered at the end of the 


t-i 


s 


Fic. 7. State diagram for the differential shock 
probability experiment. 


s-clock interval, the clock recycles (State 
S3) meeting the same shock probability, 
ito, until the next shock occurs. As in the 
assumed that after 


en delivered (Ss), 


previous analysis, it is 2 
a due shock has not be 
responding is negligible. This assumption 
is possibly less reasonable here than in the 
preceding case, since the clock settings in 
this experiment were small (r2 572 
seconds). However, responding was re- 
ported to be most frequent immediately 
after shock, and the data reported do not 
have the fine grat 


in required to discriminate 
alternatives. 


Discrimination probability. When re- 
sponses do not occur, shocks are geometri- 
cally distributed at multiples of s seconds, 

xo = (no + Ds [14] 
Similarly, intershock intervals including à 
are distributed as 


xı = tpr + (m + Dr 


response 


[15] 


where 

P(n;-k)-(1— uus, B=OL 

for i = 0, 1. ! 
ximate solution 


In Appendix D, an appro» 


for the discrimination problem is developed 


c 
80 


which turns out to be a special case of the 
preceding analysis. The result is 


M. oed K 20 
TN ids m 
2s AL MK d 
1— —— ok, K «90, 
No + A 
where 
bito i= ur — 
tae MNUTLYD 
and 
7 i 
K = i Be 1 


Herrnstein and Hineline ran several 
values of vı with wo fixed, and several 
values of uo with a fixed. In the former 
case, when the shock schedule for not 
responding was fixed, response strength in- 
creased as shock probability after a re- 
sponse was decreased. For the discrimina- 
tion process, this corresponds to the fact 
that in Equation 16, 


lim pp = 1. [17] 


uij-0 


The effect is a straightforward analog of 
increasing the r/s ratio by increasing 7 in 
the uncued avoidance paradigm. As post- 
response shock probability is made small, 
more time is spent in the S} state (Figure 
7) and improvement in intershock intervals 
containing a response becomes easier to 
discriminate. 

The data also show that when the post- 
response shock schedule (#1) was fixed, 
and the postshock shock Schedule was 
varied, response strength increased directly 
with an increase in uo. In the discrimina- 


tion process (Equation 16), this finding 
corresponds to 


- (= =) KS 
P$ 20 ts 
KZN. 
Discrimination probability 
shocks for not responding 
more frequently. If bias f. 
(K « 0), discrimination 
shock at the end of the s 


increases as 
are delivered 
avors responding 
is perfect when 
-clock is certain. 


Joun GIBBON 


However, when bias sufficiently favors not 
responding (K > 0), discrimination of an 
improvement in intershock intervals 1S 
less than perfect. The effect might be 
viewed as a sort of "punishment of not 
responding" result, analogous to Been 
the 7/s ratio by decreasing s in the uncue' 
avoidance situation. i A 
An important focus of the experiment 
was the demonstration of a generalized 
extinction procedure. ‘The authors found 
that responding could be extinguished by 
simply setting the two shock probabilities 
equal irrespective of their absolute value. 
Letting vı = uo = u# 0, 1 in Equation 16, 


b —uk e 
ERE ; à. 20. [19] 
po = 1 oe = 3! K2 L 


As in the shock probability experiment, 
discrimination probability in extinction i$ 
appropriately low only if bias heavily 
favors not responding. An interesting 
feature of Equation 19 is that discrimina- 
tion probability is less than b/(1 + b) when 
shock probability is greater than 0, and 
responding is only completely eliminated 
when the two shock schedules program 
shocks with probability 1. These values 
were not run by Herrnstein and [lineline, 
and the distinction would be a difficult one 
to observe in any case, since it would 
require distinguishing extremely low re- 
sponse rates from zero response rates. 
While the results reported by the authors 
are qualitatively in line with the limiting 
behavior of pp (Equations 17, 18, and 19), 
fits of mean interresponse and intershock 
time functions to their data are not feasible. 
Shock rates were not reported at all, and 
responding was reported in the form of 
overall rates, which included ineffective re- 
sponding which occurred between the first 
postshock effective response and the next 
Subsequent shock. 
were averaged over 
subjects, since not all 
all pairs of iy, to val 
assessment of 
functions will 
data. 
which 


Also, rate functions 
different numbers of 
subjects were run at 
les. Thus a reliable 
the form of the response 
have to await additional 
However, a rough fit of the data 
are provided may be shown to 
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require a low value of the bias parameter 
(b < .1), as in the preceding applications. 


Avoidance Decrement 


a deveertain "— is L 1e ünding that 
dun ptas c iiem rats : how a marked 
the course of ns ieda sacs ecg cd 
th s xtended acquisition training. 
The phenomenon has been found typically 
with wheel turning as the avoidance task, 
and is also related to sex, strain, and stock of 
the subjects. The effects of other variables 
such as shock intensity, warning signal 
duration, and intertrial interval are small 
(Anderson, 1969). 

While the theory proposed here 
to asymptotic performance, the avoidance 
decrement phenomenon is similar to de- 
creases in avoidance responding observed 
in the preceding applications when working 
at the avoidance task would still produce 
substantial improvement in intershock in- 
tervals. ‘The dependence on genetic vari- 
ables and especially ona particular response 
task implicates the bias parameter, b, which 
differentially weights responding and not 
responding. A descriptive approach to the 
decrement phenomenon is proposed below 
m which early performance is taken as an 
indicator of maximal avoidance efficiency, 
and later development of the decrement i$ 
viewed as the result of the biased dis- 
crimination process. F 

In Figure 8, a four-state chain for the 
classical avoidance paradigm is shown. 
After each shock (State S), discrimina?" 
trials are assumed to occut which tayer 
working at the avoidance task with prob- 
ability pp. Shocks initiate an intertrial 
interval of r seconds followed by the warn- 
ing signal (State Ws): Postshock an 
postresponse warning signals are repre- 
sented by different states, since discrimina- 
tion trials affect behavior only in the post- 
shock warning signal. Warning signals are 
set to last for w seconds unless a response is 
made. If the discrimination trial after 
Mu. favors responding, subjects are as- 
pee deerit the postshock warning 
Thus à Meroe the usual scalar fashion. 

occurs in this signal with 


relates 
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Fic. 8. State diagram for classical cued avoidance. 


probability po(l = q). When the dis- 
crimination trial is unfavorable to respond- 
ing, subjects simply wait out the signal for 
the next shock and discrimination trial. 
When a response does occur in the signal 
(State R), a different intertrial interval is 
programmed. Responses terminate the 
signal, but the signal timer, set at w seconds, 
is allowed to elapse before the “intertrial 
interval proper” begins. Thus the post- 
response intertrial interval is 7 seconds plus 
w — twr the amount of time “saved” by 
responding in the warning signal. After the 
intertrial interval elapses, & postresponse 
warning signal (Wr) occurs. Subjects are 
assumed to always attempt the avoidance 
task in this signal and thus responses occur 
with probability 1— gand (scalar) latency 
iwr < V. When a response is not made 
within w seconds, & shock is delivered and 
a new discrimination trial initiated. Fre- 
quently an escape contingency iS included 
in shock which generates short escape 
latencies, SO that the time between shock 
onset and the next warning signal (Ws) i$ 
actually variable and slightly longer than 
r. This additional time for postshock 
intertrial intervals is negligible for rcla- 
tively long values of 7, and is ignored in the 
following analysis. 

The discrimination analysis 
the same way for the classica 


proceeds in 
1 case as for 
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the preceding free operant cases. - ue 
shock intervals with no intervening 
sponses are fixed at 


Xo =r +w. 


[20] 
Intershock intervals : exe ^ at in 
one response are obtained as fol inn Ee 
time between onset of a postshock bia: 
signal, Ws, and the next E 
warning signal, Wa, is just r us w seconds, 
since the postresponse intertrial 
compensates for the preceding 
latency. Similarly when 
in We, the time betwee 
onsets (Wg— R => Wr) 
Thus the intershock 
may be written 


1 =r + (r +w) + n(r + w) + w, 
where 5 is the (geometric) 
responses in W 

In Appendix 


the usual way, 


ability is found 


interval 
response 
à response occurs 
n warning signal 
is again r + w. 
interval for responding 


[21] 
number of 
r before the first shock. 


E1, xı is approximated in 
and discrimination prob- 


to take the simple form 


EUM 
b» = ex zh 51 ng 
1, 


b21 


'The striking feature of this formulation is 
that the temporal parameters + and w do 
not enter into discrimination Probability at 
all. This results from the constant onset- 
to-onset time of the Warning signals, which 
means that timing behavior in the signal is 
irrelevant to the form of the intershock 
interval distributions, ly timing 
parameter whi is response prob- 
ability, q. According to Equation 22, 
discriminability of an improvement is per- 
fect when bai. This corresponds intui- 
tively to the fact that even if onl 
response occurs between shocks, inte 
time is doubled. 


The avoidance 


decrement 
consists of an early peak in 


The on 


y one 
rshock 


Phenomenon 


avoidance per- 
formance followed by a subsequent decline, 


Assuming that the early peak represents 
the best that su bjects can do, the maximum 
Proportion of succ ssful avoidance trials is 
an estimate of 1 — 4. A later decline in 
avoidance performance then depends on 


an avos 
the development of Pp < 1 for an avoi 
ance task for which 5 < i. — 

Asymptotic response probability is 
tained in Appendix E2 as 


pol — q) 1 [23] 
ap = bo — qa) +g 
The limiting behavior of ar with good and 


poor avoidance, and with bias, is describec 
by the limits, 


r 4 as q— 0, [24a] 
ar>; 0 as g—1 or 5 — 0, [24b] 
[155 qe bh, [24c] 


Limit 24a means that 
be difficult to discern if ] 
very high, and Limit 24b means that the 
reverse is true if peak performance is low, 
or if bias heavily favors not responding. 
Limit 24c means that for any peak per- 
formance level, the decrement phenomenon 
should disappear as bias values approach 2. 
A substantial decrement requires b con- 
siderably less than 3, a range of values 
which is not unusual for the preceding 
applications. The decrement is zot found 
for subjects from approximately the same 
genetic pool performing a shuttle task 
(Anderson, 1969; Nakamura & Anderson, 
1964). This is consistent with the above 
formulation if the shuttle response is re- 
garded as ethologically more “natural.” 
The wheel-turning response appears, at 
least superficially, to have niore in common 
with the lever response, and so bias values 
for these situations should be similar. 
Difficulties in training the discriminated 
lever Tesponse are familiar (D'Amato & 
Schiff, 1964; Meyer, Cho, & Wesemann, 
1960), and a recent account (Bolles, 1970) 
provides extensive documentation for quali- 
tative distinctions of this sort. 
Assessment of Limits 24a, 24b, and 24c 
ideally requires experimenta] manipulation 
of bias 9r efficiency. in the same Subjects. 
eScriptive Approach to this Problem is 
effected in Figure 9 by plotting peak 
against asymptote from Several different 
studies. The filled points are group 
averages for the wheel-turning task, and 
the open points are group averages for the 


a decrement should 
peak performance is 
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shuttle task. T 
ae 1 " xs represent individual 
unpublished s Neid pa task from an 
ducted in ee by G. G. Neffinger con- 
cA WONSELE Little or no 
as indicated jw a ee shuttle task, 
ditconsl while is open points along the 
pe seen in both qs ee decrements may 
The amooth 5 e wheel and lever data. 
23 for the sacBeared ane plots of Equation 
mately 10% SIT eer of b. Approxi- 
Gucoes fur 1 d 5 data fall between the 
but one nous ms of 096 and .3, and all 
3. These re the range of .032 to 
used to fit ee a are comparable to those 
the preceding i ree operant lever data in 
More. & ALI rims 
or males [nara peer agra decrement 
these studies, 1 r females is often cited in 
most of the SHg off = context of Figure 9, 
generally hi 4 - ect appears to result from 
emales (circles vs peak performances for 
the original waite para k; d HR 
niBht usi male portet a large decre- 
Upper left : Fac subjects (points m the 
these data iier). In terms of the theory, 
jas in fag Mim an unusually strong 
an Pei uro not responding. However, 
Scribe e y strong bias is required to de- 
served ir (s much smaller decrement ob- 
Devforn 3 ater studies for females with peak 
The ances of about .95. . 
c T is more congenial to single 
to fice own control applications and 
win ie manipulation at asymptote. 
which oul studies necessitate using groups 
rers Led vary in both relevant, param- 
wel dyes b. Thus the account is tenta- 
Vnd eis the other hand, the discrimination 
Blatafios 5 provides a provocative €X- 
nomenon SOK Rn otherwise puzzling phe- 
Sensitive gs the analysis 1s appropriately 
and ne M and response variables 
variables, Ive to temporal parameter 


Sh 
tock Postponement 


Re 5 
cent nelle (1970) reported an 
ancelike” ao in a cued avoid- 
was acquired ar m j Responding by rats 
in which ext m maintained in a situation 
not eliminat response postponed but did 
* shock. The overall shock 
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Fic. 9. Peak response probability (1 — q) versus 


asymptotic response probability (ar) for classical 
cued avoidance with a wheel-turning task (filled 
points) and a shuttle task (open points). (These 
group averages reported in the studies 
listed in the legend. "mptotes were estimated by 
averaging response probabi ties for the last two 
sessions run under the original training conditions 
irrespective. of whether or not subjects received 
interpolated training under different conditions. 
The number of sessions run ranged from 12 to 40, 
and the number of trials per s ssion ranged from 50 
to 100. Subjects were rats from a similar genetic 
pool. The number of subjects per data point ranges 
from 6 to 16. The xs represent individual subjects 
with a discriminated lever-press response from an 
ied study by G. G. Neffinger. 


data are 


The tem- 
seconds and w = 20 


unpubli 
poral parameters were f = Os 
There were 360 trials per session and 
obtained from three-session averages 
Asymptotes were obtained from the 
final three sessions. The number of sessions range 
from 17 to 24. The theoretical curves describe the 
ween 1 — 9 and ar for the constant 


relation. betw ' . 2 
bias values indicated (‘‘iso-bias contours" ).) 


seconds. 
peaks were 
(1,080 trials) 


ession was the same whether 


rate in each s ; 
esponded or not (Experiment Da 


subjects T i 
Maintained behavior in this situation Was 
contrasted with a failure to obtain respond- 
ing in a similar situation in which responses 
again postponed shock but also resulted in 
an increase of the overall shock rate 
(Experiment ID). This pair of results taken 
together represents à considerable depar- 
ture from the usual shock density finding. 
In the preceding applications, à consider- 
able decrease in shock rate produced by 
responding was required for the main- 
tenance of avoidance behavior. 1n Hine- 
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the states begin with shock 
the lever out (So) or in (Si). 


line's experir 
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n Figure 10A 
sented for this si 


ments, respondin 
tained as long a. 


increase in shock 
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at the end of a fi 
lever Insertion when NO reg 


» & stat 
tuation, 
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e shock postpone- 
The five-state chain (A) ma 
the two-state i i 


§ was main- 
t produce an 


The explanation 
on the fact that 


the same, 
1 these experiments 


Insertion of the 


amber 


» and a response Produced 
etraction of 


S simila 


the lever, 


that shock 


* diagram js 
Insertion of 


ini- 


T to a classical cued 


pre- 


the 


lever into the chamber is represented by 
State J (shaded). When no response 
occurred within eight seconds, a shock was 
delivered with the lever in (State Sj). Two 
seconds later the lever was retracted 
(State O), and remained out of the chamber 
for 10 seconds.* At the end of the 10- 
Second out period, the lever was again 
inserted into the chamber and a new trial 
began. When a Tesponse occurred before 
Sight seconds had elapsed. (t < 8), the 
lever was retracted (State R + O), initiat- 
ing a different intertrial interval. In 
Experiment [ this intertrial interval was 
adjusted to “compensate” for response 
latency during the preceding trial, as in 
classical cued avoidance procedures (Figure 
8). On response terminated trials, a shock 
was delivered 18 Seconds after the trial had 
been initiated. This means that the time 
between a Tesponse and the subsequent 
Shock delivered when the lever was out 
(State So) was variable (18 — ; seconds) 
and depended on response latency in the 


; à new trial began 
chamber. 
Xperiment I] differed 

nent I in that the time 
between a response and the subsequent 
intertrial interyal shock was held constant 
at eight Seconds. This meant that re- 
sponses resulted in an earlier delivery of 
the intertria] interval shock (So). The 
1 earlier al i 


from that in Experin 


substantia 


ext was 

always 20 seconds ock was 

delivered in it with the 
lever in or out, 

Discrimin 


ation trials 
occur after each Shock, 


are reflected in 


are assumed to 
and the outcomes 
ity on the 


during the two 
the lever was still 
as ve line Feported that such 
7 TY rare, ang So the S, — R +0 
ignored here. 7 
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favors responding ith probability o) and 
a response ibi Uis process generales 
domina on vin the cight-second preshock 
wise [with T probability 1 — qg). Other- 
response oe ES butt za 
pee ] occur and shock is 
[sis “taller eight seconds with the lever 
"s amber (I — Sy). 
The discrimination is based, as before, 
nece m of intershock intervals. 
ined: s Me experiments intershock 
doke s d E depending on whether 
eut of the Bus vered with, the lever in or 
10B in se ge er. This is clear in Figure 
collapsed e the five-state chain has been 
Nile) H a two-state chain by defining 
uA dr poe by shock delivery, either 
dein et out (So) or in (Sr). The four 
3 ransitions define four different 


Intersh 5 

ock intervals Tw [ i 

a 7: " . wo ) (se n- 
tervals mat of these 1 


on 


ain an interveni ae 
(Sr— S, ee T iervening response 
I these o >So), and for Experiment 


intenthoct greater than or equal to the two 
eee Mog ae without a response 
a subject f. " 1— Sı). For example, when 
Sean = s to respond for several trials 
in (S Ne shocks are delivered with the lever 
fi 1 — Sr) at 20-second intervals. The 
ie TeSponse results in an increase in the 
t intershock interval (Sr — So). The 
additional shock-free time "earned" by 
this response is eventually "lost" by the 
first subsequent failure to respond which 
results in the shortest intershock interval 
of 10 seconds (So — Sr). Thus in Experi- 
ment I there is a local differential in favor 
of intershock intervals containing responses. 
This differential might be experienced by 
subjects as quite substantial, depending on 
their performance and the way in which 
intervals are sampled for comparison. For 
example, a subject that rarely fails to 
respond on two successive trials experiences 
10 seconds as the most frequent intershock 
interval for not responding. Both of the 
response intervals in Experiment l repre- 
Mode etnia improvement over this 
ae = ed differential in favor of respond- 
PADCM Xperiment [ is reduced in Experi- 
- However, it i E cle t 
reduction is suffci , it is not clear that the 
cient to make intershock 


interval comparisons favor responding in 
Experiment | and not responding in Experi- 
Hineline. reported asymptotic 


ment ll. 
in Experiment I 


response probabilities 
ranging Over approximately .75 to 95. 

Naive subjects in Experiment H showed 

some responding in the first few sessions, 
followed by a decline to near zero response 
probability. Two subjects run under both 
procedures showed maintained responding 
in Experiment I and an eventual drop to 
"negligible response rates" in Experiment 
ll. Thus, while the data are not para- 
metric, they demonstrate a clear qualitative 
distinction between the two procedures. 
The problem posed for the theory is 
whether a reasonable construction of the 
discrimination process is consistent with 


both outcomes. 

In the preceding applications, samples of 
intershock intervals containing a response 
(xı) were based on the distribution of this 
quantity produced by the scalar timing 
performance, since scalar timing was as- 
sumed to control responding after the first 
postshock response. Intershock intervals 
without a response (vxo) were independent 
of subjects’ behavior. In the present 
paradigm, xo values are critically dependent 
on responding, since each response produces 
a current (long) x1 and guarantees a future 
(short) xe. The sampling assumption will 
be generalized for the shock postponement 
case by assuming that subjects sample x: 
and xo values from the distributions for 
both of these quantities produced by scalar 
timing alone. Setting pp in Figure 10B 
equal to 1, the embedded discrete chain is 
stationary and the asymptotic relative 
frequency of each of the four transitions is 
just the asymptotic probability of observing 
the chain in the initial state times the 
probability of a one-step transition to the 
second state defining that interval. In 
Table 1, the four transitions are listed 
with their asymptotic probabilities. For 
example, an efficient timing performance 
with a high response probability a-a) 
produces a high frequency of So > So (1) 
transitions, and a low frequency ol 


Sr > Sr (Xo) transitions. 
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TABLE 1 


TRANSITION TIMES AND PROBABILITIES FOR THE 
Suock POSTPONEMENT EXPERIMENTS 


Time sample 


Asymptotic 
Transition 


ESL Experiment. UT. 
x pe 
| x oY i 
SS. | « | ao lope ad — q) 
Sp Sp EN 20 |104 (i — gy 
So — S; Xo 10 10 qu — q) 
S1 S; Xo 20 3 E 


The response and nonresponse inter- 
shock intervals may be seen to reduce to 
Bernoulli samples [e.g., P(x, = 20/10 or 
20) = q], and discrimination probability is 
readily computed for x;, x, pairs using the 
biased decision rule (Equation 2a). It is 
Clear, however, that bias values comparable 
to those of the preceding applications with 
a nonretracting lever are not appropriate 
for Hineline’s results. For example, values 
of b less than $ result in discrimination 
probabilities of zero in both experiments, 
erential is obtained 
= 10. Similarly, a 
ich responding is 
18 predicts main. 
periments, Thus 


30 and x, 


favored over not respondit 
tained behavior in both ex 
the problem for the theory becomes Whether 
or not a range of reasonable values of b 
Predicts maintained responding in Experi- 
ment I and negligible responding in E; 
ment II, 

From Figure 10 


A, asymptotic response 
prol "ability 


(ar) is just the asymptotic 
Probability of observing the discrete two- 
State chain in State So, becau 
interval shocks occur if 

Preceding response ha 
two-state chain (F 


if a 
Since the 
ationary, 
oh B99 = boll = gh, [25] 

In Figure 11, a discrimination of permis- 
sible bias values is effected by plotting pos- 
sible asymptotes in Experiment l against 
possible asymptotes in Experiment I]. The 
shaded area in the upper left corner repre- 
sents a rough delineation of observed out- 
comes in Hineline’s experiments, The 
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stippled area above the ap hdr 
diagonal represents a rough delineation " 

expected outcomes from the two experi- 
ments, assuming an intermediate value ol 
response latency (t = 4 seconds) and bias 
values either less than .5 or greater than 
-714. For bias values in the lower range, 
both asymptotes tend to be low, and for 
bias values in the upper range, both 

asymptotes tend to be high. Thus these 
ranges of b values are clearly disqualified by 
Hineline's results, The two curves passing 
through the shaded area represent expected 
outcomes for bias values between the upper 
and lower ranges. According to the theory, 
responding is high in Experiment I and 
low in Experiment II only if bias values 
for the retracting lever are in the range 
from .5 to approximately .7. This range is 
considerably higher than bias values in the 
preceding applications for the nonretracting 
lever in both cued and uncued situations. 
The discrepancy is sizable and deserves 
investigation, 

Two observations Support the view that 
the difference is real and represents different 
preferences for the two manipulanda., First, 
an earlier report (Hineline & Herrnstein, 
1970) described responding in a classical 
paradigm (Figure 8) using the 


retracting 
ever, with asymptotic response prob- 
abilities that were extremely high (ap- 


a DATA AREA 


Xp (Exp. I) 


S (ax) in the shock 


pos tponement experimen ts. 


v^r 
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proximately .98). Such high values are 
p nig unless bias values exceed .5 
*squatio "OV i 
decrement s i: n y Bis erbe 
s obs »v Neffinger with the 
nonretracting lever (Figure 9) were ob- 
wur ma m c > n pes parameters 
Od ge Fang and Herrnstein study. 
igne at ues attempted to train rats on 
: p cedure similar to the shock postpone- 
TE 
shi ailed to acquire responding 
even with considerably larger xi, xo differ- 
ences than those used in Mineline's pro- 
cedure for Experiment 1. Valuable evidence 
on this view would be obtained by running 
subjects on these paradigms with and 
withou t lever retraction after each response. 
Fe Mwai assumptions are possibly 
te ce = in this application than in 
aout tea cases, since values of dis- 
he "s on probability less than 1.0 alter 
t i relative frequency of xi, xo values which 
su bjects actually experience. The theory 
requires that the two distributions be main- 
tained “in memory" at the frequency levels 
produced by the scalar performance. Alter- 
native sampling assumptions might also 
produce the observed outcomes. For 
example, a subject that responded on every 
other trial would be expected to maintain 
this pattern in Experiment I if its b value 
was greater than 4, and not respond at all 
in Experiment II if its b value was less 
than approximately .42. 

At least one alternative sampling assump- 
tion is clearly ruled out by the data. If 
subjects are viewed as sampling shock 
rates over a substantial period of time (e.g. 
a session), and comparing rates when some 
responding occurs with rates when no 
responding occurs, then the procedure of 
Experiment I results in no difference. The 
point is an important one, since it means 
that any averaging in the sampling pro- 
cedures must preserve the x1, Xo distinction 
between response and nonresponse inter- 
shock intervals. In the preceding applica- 
tion, this distinction was not forced, since 
a long time-sample with a high proportion 
of xı intervals might still be discriminated 
from à long time-sample of xy intervals. 
The shock postponement results, however, 


require a discrimination mechanism like 
that proposed here which is sensitive to 
local rather than overall shock density 
differences. 

CONCLUDING DISCUSSION 

‘The theoretical account proposed here 
holds that a variety of avoidance effects 
are attributable to the same source: con- 
fusability of intershock intervals produced 
by responding and not responding. The 
descriptive power of the account is difficult 
to fault as an overview. However, the 
details of the proposal may leave somewhat 
too much room for maneuver. Direct 
evidence for the assumptions underlying 
the discrimination process has not been 
obtained, and the data reported quite 
generally do not have the fine grain required 
to discriminate alternative models. For 
example, discrimination trials are assumed 
to occur directly after each shock. This 
placement of discrimination trials is con- 
venient for the analysis of interresponse 
and intershock times, but it is not critical 
for a rough description of the data. It 
may be shown that assuming discrimination 
trials after responses as well as after shocks 
produces very similar predictions. 

The discrimination analysis has been 
developed in the spirit of "ideal observer” 
detection models. A more realistic de- 
scription might require that subjects esti- 
male intershock intervals associated with 
responding and not responding. Such an 
estimation assumption would add vari- 
ability to the real variance in the underlying 
distributions. However, the approximating 
techniques used to obtain discrimination 
probability invariably reduced the real 
variance in the intershock interval dis- 
tributions, and the resulting discrimination 
probability functions were, if anything, too 
flat for an adequate description of the data. 
Thus a more realistic approach would also 
require averaging in the sampling pro- 
cedures with the consequent addition of a 
subject parameter for sample size. 


Bias 
The logical extension of the 
would be to manipulate bias independently 


bias analysis 
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of the parameters affecting timing. Bias 
values in avoidance situations with rats 
consistently favor not responding. How- 
ever, the retracting lever and shuttle re- 
sponse tasks appear to be less “unnatural” 
than the standard lever and wheel-turning 
tasks. Discriminative feedback following 
the response may be implicated in this 
distinction. For example, it is common 
lore in free operant avoidance training that 
acquisition is facilitated by providing a 
distinctive click after every response. The 
retracting lever and shuttle tasks may 
maximize the distinctiveness of postre- 
sponse “‘safe signal" cues, 

Parametric manipulation of bias is clearly 
desirable, but means to this end are not 
obvious. One possibility might be to in- 
crease the relative aversiveness of the re- 
sponse by increasing the effort required to 
execute it, or by punishing it with brief 
low-intensity shock. In the latter case, 
reversibility appears difficult to obtain 
(Powell & Morris, 1969). It isan empirical 
question, also, whether increasing the bias 
against responding might not put a motiva- 
tion premium on spaced responding, thus 
sharpening the temporal discrimination of 
the preshock interval, 

Another possibility, which has received 
some experimental attention, is to study 
choice in avoidance situations between two 
modes of responding, rather than between 
responding and not responding. Sidman 
and Boren (1957) and Sidman (1957) 
investigated a cued avoidance situation 
in which subjects appeared to choose 
the “more favorable” of two avoidance 
schedules at the cost of an associated 
shock. The typical situation was this: in 
the presence of a warning signal, subjects 
postponed shock by spacing their responses 
less than, say, w seconds apart. That is, 
each response recycled a timer set at w 
seconds. When subjects allowed w seconds 
to elapse without a response, a shock was 
delivered, the warning signal was termi- 
nated, and a different timer, set at v 
seconds, was initiated. Responses in the 
v-clock then recycled this timer until v 
seconds elapsed without a response. The 
warning signal then recurred and the 


w-timer was in effect until the next shock, 
and so on. The central finding for this 
situation was that when v was long relative 
to w, subjects responded more in the v-clock 
to postpone the warning signal than in the 
w-clock. Once the warning signal came on, 
subjects appeared to “take” the shock in 
order to return to the more favorable 
schedule in the absence of the signal. 

This kind of choice represents a general- 
ization of the discrimination analysis, since 
subjects appeared to be choosing between 
responding in one or the other clock rather 
than between responding and not respond- 
ing. The discrimination process may be 
Shown to handle the Sort of preference 
described, if the decision is unbiased and 
Tepresents a discrimination between shock 
density obtained when subjects are re- 
sponding only in the absence of the signal, 
and shock density when subjects are re- 
sponding only in the presence of the signal. 
Real evidence on the feasibility of this sort 
of a generalized discrimination process re- 
quires monitoring signal-onset and shock- 
onset probabilities in the two clocks, and 
these data are not reported. Also, the 
proposal for this Situation assumes that 
the decision between responding of either 
Sort and not responding at all is always 
made in favor of working at one or the 
other task. An alternative assumption 
might regard choices as being between 
three alternatives: not responding, or re- 
sponding in either clock. Experimental 
arrangements of this sort are natural 
extensions of the two alternative response- 
nonresponse paradigms, and deserve de- 
tailed study in which direct evidence on 
Changes in transition probabilities are 
obtained. 


Two Factors versus Shock Density 

It is possibly an important observation 
that a relatively broad range of phenomena 
in avoidance may be described theoretically 
without reference to a two-factor explana- 
tion. The reason, however, is at least in 
part substantive, Two-factor accounts are 
dynamic descriptions of an underlying 
mechanism presumed to maintain behavior. 
For example, Anger (1963) describes tem- 
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oral discriminati 
to shock ne, dangerous” times close 
removed fro Y, and. "safe" times further 
retical Spot emis delivery. The theo- 
understanding proposed here is directed at 
behavior ie Meat of asymptotic 
way in iun Heg ae 
The two approacl )ehavior is acquired. 
mutually a rotor rE certainly not 
at least, m: The timing proposal, 
explanation pe see to a two-factor 
a drop i o oed eee supported by 
“fear” which os aversiveness" or 
proximity to edel b to increase with 

"C'hegretiss] se = k-due time. 
Primacy of ze ey which challenge the 
of shock det ron actor explanations in favor 
lerrnstein py a motivating force (e.g 
the oppositi 969) often seem to overstate 
shock mock between the two views. The 
important 3 positon simply specifies an 
behavior Be cig og controlling avoidance 
a two-factor a H as difficult to interpret 1n 
description primes However, à dynamic 
thereby res siue density effects is not 
standing of ered irrelevant to an under- 
variable exe Just. how the shock density 
is ntitre, control. F or example, how 
the interval E distributed over 
ititershocle S between shocks? Are long 
silent "Pre or low shock rates 
time iet ue to less aversiveness per unit 
density"? " is, due. to aversiveness 
lated Sut ee how 1s improvement. trans- 
DROGeSs or ehavior? The. discrimination 
testion roposed here provides agawe e 
valy E of this sort which are probably 
aie Pisiin However, the theory is 
have te i detailed that the assumptione 
tinm Dni a consequences. The m 
YN ands a chance of being demonstrab Y 
for d virtue which is less easily umm 
density e qualitative approaches to shoc 

A effects. 
Mol edis interpretation of scalar 
tec also. require | substantial 
responding While it is feasible to view 
drop in ene pes by à consequent 
mony is not "mI aversiveness, parsi- 
spondence of by a one-to-one corre- 
clear how the his sort, and it is not at all 

scalar property follows. One 


approach might attempt to distinguish 
between the perception and the experience 
of danger. On this view, the perceptual 
component of timing generates subjective 
estimates of the proximity of the aversive 
event, and different subjective proximities 
are associated with different levels of the 
experience of fear. The Weber-like scalar 
property may then be restricted to the 
perceptual rather than the motivational 
component of timing. While this approach 
seems intriguing and even reasonable, sharp 
experimental referents are not immediately 
apparent. 
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APPENDIXES 


APPENDIX A 
N-STATE SEMI-MARKOV CHAINS 


Let c= fe}, i, j = 1, 2, ---, N be the 
transition matrix for the embedded discrete 
Markov chain, (See Gibbon, 1971, for a more 
extensive treatment of the relevant theory in 
Markov and semi-Markov processes.) Assum- 
ing that c is regular, the discrete chain has a 


limiting probability (fixed) vector, e = faj}, 
with 


lim c” = 


n> 


la, 


where 1 is the column vec 
equal unity. «is the unic 
with the property that 


tor with all elements 
1ue probability vector 


ac = g, 


[^1] 


For example, the two-state chain in Figure 2B 


has 
R S 
R leg q 
= > A2a 
» "Me - 4) T ne! 


and the solution of Equation A1 for the two- 


state chain is well known to be a; = cij/ 
(c + e) ix jo 1,2 


» 2, so that 
ELS m 
b»(1—q) pq “S 


ar = 1 — apr. 


[A2b] 

Let Biz be the mean one- 
from State i to State j, 
uncondition 


Step transition time 
and define the mean 
al exit time from State i as 


N 

Bi = Y cimi [A3] 
ja 

Then two b 


asic results for the semi-Markov 
chain are: 


oj; 
Tj = y —, CA4] 
È arā 
k=1 
and 
Mij = Àj/mj, [A5] 


where rj is the asym 
probability for State 
(unconditional) re 
Equations A4 and 
semi-Markov 
discrete chain. 


iptotic state-occupancy 
j; and mj; is the mean 
currence time for State j. 
A5 are the analogues in the 
process of a; and aj^ for the 
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Pt the two-state chain, the scalar property 
2quation la) applied to the mean latency in 
both clocks, gives i 


2 Bee rt —(1—9(1-—4) 
ñs = s[1 — po(1 — 9 — 2] 


for the me: itu 
acm mean exit time from each state. 
rrence times may then be written 


"Di t a(1 — 2] 
+1 -u| 


EIS — 
desc — q) 


| mss = Pol = @) 
| TR: 


Mean 


"Hlng = 


[A6a] 


q [A6b] 
, 


APPENDIX B 


Db AS A FUNCTION OF 7, $, IN 
UNCUED AVOIDANCE 


wae id ame between shocks including at least 
Tia T onse - given by Equation 3 as x = lsn 
re (E L sing the scalar property for 
(E ah Uquation ta), the expected value of 7 
"quation 4), according to Equation >, is 


E(r) = [B1] 


um be approximated by an exponential 
d? Eo ee parameter, ^, equal to the inverse 
equation B1. Since fsx contributes little 
variance to x relative to variance in 7, it is 
approximated by its mean, 34, giving 


m — ga = N`. 


—- 


xcsudc rcr [B2] 
The biased decision rule, Equation 2, may be 
recast in terms of the approximation, quation 


Discrimination 


Mi 


B2, as r > s[ (1/5) — &1— 7 

¢ probability, pp, is then the tail area of the 
exponential with rate parameter A. Some 
algebraic rearrangement shows pp to be the 
function of the ratio of r and s given by 
Equation 6. 
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APPENDIX C 


bp (1) AND Mij (2) AS FUNCTIONS 

or SHOCK PROBABILITY 
restate the decision 
he right 


[cu] 


1. It is convenient to 
rule as x1 > xo/b and approximate t 
side as 


xo bos s/b + To 
where 7o is exponential with rate parameter, 
No = (70)! = bu stl — i). 

Intershock intervals when responding (Equa- 

tion 10) are approximated analogously to the 
preceding case as, 

mec] adn dr 8 [C2] 

rate 


T» are exponential with 


where 71, 
parameters, 

X = q/Dra(a — 93. 
and 


As = ujUs(1— u) ]- 


Using these approximations, the decision rule 


may be rewritten as 
mtm>totk [C3] 


whee K —s(1/b— u)— t The sum on 
the left of the inequality, C3, is distributed 
as a twofold general gamma variate (McGill 
& Gibbon, 1965), and the right side variate, 
is exponential. Discrimination probability 
is thus the area to the right of K in the differ- 
ence distribution of the variates on either side 
of the inequality. A straightforward applica- 
tion of the convolution integral shows pp to 
be given by Equation 11. 

2. Mean interresponse and intershock times 
are found from the general recurrence time for- 
mulation (Equation A5) by combining the 
shock (S+) and discriminate (D) states as be- 
fore. This results in the following transition 
matrix for the embedded discrete chain: 


R St = 
R leg qu q(t — u) 
c= Spo o "Lt— pn(i— d Well! — b» — 901]. 
À a 0 u 1— u 


Under the scalar assumption, mean transition 


times are given by 


R St S^ 
R [rp r d 
E(tj] = Sls s Ss 


since c? is positive. 
ilities may therefore 
The result 


The c matrix is regular, 
The limiting state probabi 
be found by solving Equation Al. 
may be written 

Kj 


a SK [C4] 


i ges ee 


92 


where K; = upp(1— 4), qu q(1— u), for 
gc RSS, Sm, respectively. 7 . 

In the Boren and Sidman (1957) experiment, 
7 was equal to s. Obtaining the Bj according 
to Equation A3 with r = 5, and using Solution 
C4, the mean interresponse and intershock time 
formulations may be reduced to the simple 
forms of Equations 13a and 13b. 


APPENDIX D 


Pp FOR DIFFERENTIAL Suock PROBABILITY 


As before, the decision rule may be recast 
and divided by r = 5 to give 


x1/s > Xo/ sb, 


[D1] 
the geometric random v; 
1 by exponentials, the 

nequality D1 become (fr 
d 


ari- 
right and 
om Equa- 


ables in Xo, x: 


Xoz Sb C To + 1/b 
and 
M/S utr 1 
where 79, 7; are ex 
ters, Ao = buoy (1 
Inequality 


ponentials with rate parame- 


— uo), and A, = iy/ (1 — m). 
D1 may then be written 


712 ro 4- K, 
where K — 1/b — u — i. B 
is a special case 
may be obtained 
M> c, 


[D2] 


ecision Rule D2 
of C3, for 7» — Q. T 


from Equati 
The result is Equa 


APPENDIX E 


Pp (1) AND ap (2) ror CLASSICAL 
Curp AVOIDANCE 


1. The decision rule may 


be recast for this 
case as, 


xy (r + w) > Xo/b(r +- w). 


JouN Gron 


From Equation 20 


the right side is just 1/6, 
while the left side m 


ay be approximated as, 
mr w) 244, 

where 7 is exponential with 

A=¢/(1 — q). Discrimination probability 

is then the area to the right of 1/b — 2, as 

given by Equation 22, 

2. The four-state chain in Figure 9 is not 
Markov since transition times are correlated, 
and in any case, the embedded discrete chain 
is periodic. However, the response and shock 
States may be combined with the following 
warning signal States, Wr and Ws. This 
results in a discrete chain in which all transi- 


tion times are y + w seconds and transition 
probabilities are 


rate constant, 


Wr Ws 
Wr l—g q 
c= , 
Wsipp(1—g) 1— Po(1 — q) 


as in the two-state uncued avoidance chain 
(Equation A2a). The data reported do not 
discriminate between trials following shocks 
and trials following avoidance responses, so 
that asymptotic response probability is a 
Weighted sum of response Probability in each 
<ind of trial, with the weights being, Qj, 
i= We, long-range relative fre- 
kinds of trial. But re- 
Wr is the probability 
sition, and in Ws it is 
Ws Wr transition, 
perty, Equation A1, 
> Wray, + P(Ws—> iy 
Asymptotic avoid 
probability of o 
in State Wr. 

formulation, 
results in E 


Ws, 


P(Wr n)a Ws = Own. 
lance is just the asymptotic 
bserving the two-state chain 


‘rom the uncued avoidance 
Equation A2b, Setting ay, = ar 
quation 23, 
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NEGATIVE AS WELL AS POSITIVE SYNAPTIC CHANGES 
MAY STORE MEMORY! 
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Hypotheses concerning 
appearing ever since E 


synaptic changes that might store memory have been 
ha i Tanzi proposed the first one in 1893 
ave been cast in terms of positive changes with learning, that 


Most of them 
either growth 


a new synaptic junctions or changes in size or effectiveness of existing ones. 
n the last decade, a few theorists have proposed that negative changes— 


structural synaptic changes underlying long-t 
single form but may include increase in numb 
decrease in number, and decrease in size. 
are reviewed to show that each of these four types of change has 


in the number or effectiveness of contacts—could store memory. 
a have been available to test either hypothesis. We propose that 


erm memory need not be of a 
er of synapses, increase in size, 
Recent electron microscopic data 
been observed 


as a consequence of differential experience. 


a d after the neuron doctrine was enunci- 
surveyed. psychiatrist Eugenio Tanzi (1893) 
forpantiesiend oh advances in neurohistology and 
al élan as that learning produces anatomi- 
Wete to jo in interneuronal contacts (which 
Sherrin "s named synapses” by Foster & 
MR som 1897), and that these changes 
Gónüdant. oe of memory. Tanzi was 
toitest ls ies investigators would soon be able 
hypoth y direct inspection the changes that he 
N esized to occur with age and training. 
eii most 80 years later, researchers are just 

ing to be able to perform such tests 
(Bloom, 1970; Kandel & Spencer, 1968). 
While some have become pessimistic ("No 


or the strengthening of existing ones; few have 
thought of learning in terms of elimination or 
weakening of synapses. Foster and Sher- 
rington (1897, Pt. III), also related this struc- 


ture to learning: 


Shut off from all opportunity of reproducing itself 
and adding to its number by mitosis or otherwise, the 
nerve cell directs its pent-up energy towards ampli- 
ctions with its fellows, in response to 
Hence, it is capable of an 
sues [p. 1117]. 


fying its conne 
the events which stir it up. 
education unknown to other tis 
Such concepts were taken up by a number of 
theorists during the present century and were 
brought to prominence in the late 1940s by 
Konorski (1948) and Hebb (1949). Hebb 
assumed explicitly that “the changed facilita- 


£ major breakthrough in the synaptic connec- 

Pici hypothesis of memory has been achieved, tion that constitutes learning” is based on “the 
spite c şi aes S : a es lea " 

M eie . p; ede ah. - PE, growth of synaptic knobs [p. 65]. Formula- 
Others decry that more lids not been done to tions of some authors have not made clear 
link various cerebral changes in learning to whether growth in the nervous system with 
synaptic mechanisms (Anonymous, 1971). learning involves formation of new synapses or 
Most theorists during the intervening period, changes in size or other dimensions of existing 
Whether or not they knew of Tanzi, have sup- synapses. Other workers have discriminated 
4 Posed with him that learning involves either between these possibilities, as when Eccles 
(1965) stated his belief that learning and 


the i s + 
formation of new interneuronal connections 


! This research i Sci 
F r ch was supported by National Science 
utn Grant GB-8011 and also received 
dup m the United States Atomic Energy 
* Requests for repri 
E s eprints should be sent to Mark R. 
ui ei Department of Psychology, Tolman 
J niver: i i i 
Forna uS sity of California, Berkeley, Cali- 
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memory storage involve “growth just of bigger 
and better synapses that are already there, not 
growth of new connections." 

The elimination or weakening of synaptic 
connections as a mechanism of learning an 
memory storage has been considered much less 
frequently than have positive changes. Con- 
cerning embryological development of the nerv- 
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ous system, Ramón y Cajal (cited by Jacobson, 
1970) did propose that there is a selection 
among somewhat random original connections 
"due to atrophy of certain collaterals and the 
progressive disappearance of disconnected or 
useless neurones [p. 125]" A large decrease 
in spinal neurons during embryology has been 
demonstrated in later work (Jacobson, 1970). 
While it has been suggested that "synaptic 
atrophy” (Konorski, 1948) or "synaptic decay 
(Hebb, 1949) may occur with disuse even in the 
adult, this was proposed as a correlate of for- 
getting, the converse of acquisition of memory. 
Even Harlow (1959; Harlow & Hicks, 1957), 
who has suggested that learning 
plished largely through the 
conceived of this as occu 
establishment of inhibitor 
than through elimination 
(see Harlow & Hicks, 
Perhaps the prevalence 
Synaptic changes with le 
concept of “consolid 


is accom- 
reduction of errors, 
rring through the 
Y processes rather 
of excitatory ones 
1957, pp. 108-109), 
of notions of positive 
arning stems from the 


ation of memory traces” 
formulated in 1900 by Müller and Pilzecker, 


The first to hypothesize Negative changes 
to account for learning may have been Thesleff 
(1962). He suggested that, in analogy to 
facts established for muscle cells, the chemo- 
receptor area of a neuron might become re- 
stricted to sites activated frequently, and that 
other synaptic connections would thereby be 


rendered inoperative, Young (1964, p. 285) 
suggested that learning 


occurs through the re- 
duction of unused redundant connections, but 
he did not elaborate this hypothesis, Recently, 
Dawkins (1971) ective death 
of neurons may anism of 
memory storage. These Suggestions have re- 
Mained speculatiy 
cently, there were no d 
test them, 
Je 
changes under] 


Very re- 
ata against which to 


take one 


expected that 
learning, 


ously in different se 
the same brain, 


A few examples from recen 


trate that change 
sorts are beginnin 


more than one typ 


t studies wil] 
S of e 
€ to be report 
€ of chang, 


serve 
ach of these 
ed and that 
€ May occur within 
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the same region of the brain. 

1968, 1969) has made several re 
sures of axon terminals in rats 
nently in the dark or remove 
periods of light exposure. 
findings suggestive of 


Cragg (1967, 
ports on mea- 
kept perma- 
d for various 
In 1967, he reported 


all four types of synaptic 
changes: When dark-reared rats were exposed 


to daylight, axon terminals in the upper half of 
the occipital cortex became larger and less 
numerous, whereas in the lower half they be- 
came smaller and more numerous. His 1969 
report states that axon terminals in the lateral 
geniculate nucleus are 15% greater in diameter 
in dark-raised rats, but 34% le: 
unit of tissue volume. 
length of synaptic contacts rather than 
terminals, the contacts “did not show 
regular difference between the light- and dark- 
exposed rats of successive pairs [p. 61]." 
Fifková (1970) measured axodendritic synapses 
in Layers [I-IV of occipital cortex of rats after 
Six weeks of unilateral lid suture; synapses in 
the hemisphere contralateral to the sutured eye 
were 20% fewer in number but 7.5% larger in 
cross-section than in the control hemisphere. 
We have been using quite a different pro- 
cedure, including enriched or imy 
perience, which induces a v. 
and anatomical chang 
nzweig, Bennett, 


ss in density per 
When he measured 
axon 
any 


poverished ex- 
ariety of chemical 
es in the rodent brain 


& Diamond, in press), 
and we have recently found that this Produces 


clear synaptic changes (M$llgaard, Diamond, 
Bennett, Rosenzweig, & Lindner, 1971). In 
our procedure, the main factor inducing cere- 
bral effects is experience with a variety of 
stimulus objects in the enriched condition; the 
mpPoverished-experience animals are isolated 


stimulation. 
sent oppor- 
over several 
shown that 
measured are not 
ion, altered rates 
involvement, han- 


(Rose 


conditions pre 
ntial experience 
xperiments have 
S previously 
ress, locomot 


Control e 
the cerebral effect. 
attributable to st 
of maturation, endocrine 


dling, or to any brief irrel 
Isual experi i 


osenzweig, 


& Saffran, » Wu, Slagle, 


closely 
ast have been 


l between litter- 


1 ý 5 days of age) 
ken oe Impoverisheg environments and 

p ere for 3 "S. The Synapses mea- 
Sured were asymmetrical axodendritic junc- 
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re M cp of LayerI u of the occipital 
showed. 12 = ron the enriched condition 
itiboverish : quie to littermates from the 
ane ae ga condition, synapses that aver- 
675; Pire ater in length but that were only 
dione Taita nerous. The enriched rats had 
Svnapecs tha napses as well as fewer small 
enriched psoas did impoverished rats, so the 
have ede Guar distribution could not 
synapses fron. ee simply by loss ol small 
tribution, “The e impo erished condition dis- 
enriched grou : total Enn of synapses in the 
Contacts int P taking both size and number of 
the o "4 count, was 40€; greater than in 
that the in rished group. It should be noted 
ber of Sar effects between size and num- 
relation ii san this study is similar to the 
reported by en synaptic e and number 
€ by Cragg and Fifkova 
In another s a pow. 
enriched.i, T study; evidence of a positive 
of dendrita oo ted difference in a number 
Synaptic ra (and thus presumably of 
occipital cort as) ‘on pyramidal cells in the 
Bf spittes of rats was obtained. Counts 
littermate = made on enriched-impoverished 
"ehaviora] ves ua four experiments with 
Preceding par Witions similar to those of the 
Was a 9.367 agraph, On basal dendrites there 
pe 01) i Sücreier impoverished difference 
ength along ti ie Me of spines per unit of 
by lige Panini The counts of spines 
a et Con ~ i ed on cells stained by the 
čal ere e t iod cannot be assigned to corti- 
ceding ined direct comparison with the pre- 
Possible eges microscopic results. It is 
othar ei ; ; ection, microscopic counts in 
the cue P ers will reveal an increase in 
tien x ndi junctions, or the relation be- 
E Cs ce, microscopic synaptic counts 
dba qi cius counts may be more com- 
dication y I deed research can answer this 
compared When enriched-experience rats are 
diea Fi with impoverished-experience litter- 
but EB. appear to have a lesser number 
antl to i Er size in one population of synapses 
lation. Te à greater number in another popu- 
laborato mental evidence from several 
PaT thus consistent with the old 
indies 2 1 nat stimulation and learning may 
and it d in synaptic size and number, 
Positive Gee that negative as well as 
Su ons anges occur. 
shines rein of synapses and of dendritic 
siia * made in occipital cortex because 
lobus, M. R. Rosenzweig, E. L. Bennett, 


and M, C. Di 
itenkon acne, Effects of differential environ- 
'€ spine counts. [n preparation. 


that is where we have found the largest changes 
in other anatomical and biochemical measures 
after several weeks of differential experience 
(Rosenzweig et al., 1969). Experiments with 
brief. training by other investigators have 
shown chemical changes located especially in 
the hypothalamus (Beach, Emmens, Kimble, 
& Lickey, 1969; Kahan, Kriginan, Wilson, & 
Glassman, 1970). Some groups (e.g, Halas, 
Beardsley, & Sandlie, 1970) are recording the 
activity of single neurons at various levels of 
the brain during conditioning. Results indi- 
cate that the earliest changes during training 
occur in the reticular formation and in basal 
reward areas, with changes occurring even- 
tually in the cerebral cortex. Thus, the 
chemical and electrophysiological observations 
both suggest a shift of locus from short-term 
effects involving motivational or reinforcing 
areas in basal regions of the brain to long-term 
storage, especially in the cerebral cortex. The 
chemical and anatomical changes that we find 
at the cortex may well represent the cumulation 
of innumerable small effects of learning during 
the prolonged differential experience. 

It should be clear that we are not hypothe- 
sizing that the four types of synaptic changes 
are the only mechanisms for storing memory. 
In particular, some memories are formed very 
rapidly, and at least the initial type of storage 
is unlikely to be a structural change of synapses 
(although a substantial increase in the propor- 
tion of large axon terminals was found after 65 
minutes of stimulation in the spinal cord of 
cats; Illis, 1969). Long-term memory storage, 
however, could well involve the positive and 
negative synaptic changes described here.* 


4 After completion of this paper we found some- 
what related hypotheses in Albus (1971). Albus 
holds that in order for the learning process to be 
stable in cerebellar cells, and possibly elsewhere in 
the nervous system, "pattern storage must be ac- 
complished principally by weakening synaptic 
weights rather than by strengthening them [p. 251." 
He notes that "The argument synaptic weights are 
weakened by learning rather than strengthened is 
counterintuitive and contrary to most, if not all, 
theories of synaptic learning that have appeared in 
the literature [p. 50],” and he therefore examines it 
in detail. Later, he holds that synaptic facilitation 
is a mechanism of learning in stellate cells and else- 
where (p. 52). It should be noted that the physio- 
logical or anatomical mechanisms by which "synap- 
tic weights" are expressed or altered are never 
defined. Nevertheless, it is interesting that Albus, 
arguing from quite different material, suggests as We 
do that both negative nad positive synaptic changes 
may store memory. 
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RECOGNITION AND RETRIEVAL PROCESSES IN FREE RECALL? 


JOHN R. ANDERSON ? anp GORDON H. BOWER 


Stanford University 


A model of free recall is described which identifies two process 


s in free recall: 


a retrieval process by which the subject accesses the words, and a recognition 


process by which the subject decides whether an implicit! 


retrieved word is a 


to-be-recalled word. Submodels for the recognition process and the retrieval 


proc 


establishment of such associates 
In the test phas 


process. 


ciding which words have relevant list 
ability model is developed for this de 
a computer program that tags 


introduced a 


of overlapping sublists sampled from a master set of common nouns 


are described. The recognition model assumes that during the study 
phase, the subject associates “list markers” to the to-be-recalled words. The 
postulated to be an all-or-none stochastic 
», the subject recognizes to-be-recalled words by de- 


rkers as associates. A signal detect- 
on process. The retrieval model is 
ociative paths between list 


ass 
words. In several experiments, subjects studied and were tested on a sequence 


The two- 


process mode: predicts that the subject's ability to retrieve the words should in- 
crease as more overlapping sublists are studied, but his ability to differentiate 
the words on the most recent list should deteriorate. Experiments confirmed 


this predicted dissociation of recognition and retrieval. 


Further predictions 


derived from the free recall model were also supported. 


This paper has several aims: First, we 
Offer a critique of two popular "strength" 
t Jeories, one which relates recall and recog- 
nition to the strength of one and the same 
Memory trace, and another which relates 
only recognition memory to a similar 
Strength measure; second, we develop 
? particular conceptualization about recog- 
nition memory which we believe satisfies 
the criticisms of the traditional strength 
theory ; third, we illustrate how that recog- 
nition mechanism could be interfaced with 
thetrieval mechanism so as to yield a viable 
Sid © about multilist free recall. Along 
these EVINDE published data relevant to 

points, we also shall present new 
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experimental evidence bearing on the sec- 
ond and third points. 


Two THEORIES OF RECOGNITION 
AND RECALL 


Kintsch (1970) provides a careful review 
of the strength theory of recall and recog- 
nition which supposes that recall and recog- 
nition involve basically the same process, 
except that recognition of an item requires 
a lower "threshold of strength" than does 
recall. It is because of this lower threshold 
that recognition of an item is easier than 
recall. This strength theory has been an 
important learning theory for years (cf. 
Bahrick, 1965; McDougall, 1904; Postman, 
1963). Support for this theory comes from 
the fact that several experimental variables 
affect recall and recognition in the same 
way. For instance, temporal variables 
such as study time, the retention interval, 
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and massing and spacing of presentations 
have similar effects on recognition and 
recall (Kintsch, 1966; Olson, 1969). Also, 
the two tasks display similar serial position 
curves with small primacy and | 
cency effects (Shiffrin, 1970b) 

However, in contrast to these com- 
munalities, there are a number of variables 
that affect recall and recognition in differ- 
ent ways, suggesting that different pro- 
cesses underlie the two performances. 


arge re- 


As 
a first example, words of low frequency in 
the Thorndike-Lorge count of text are 


more easily recognized (Schwartz & Rouse, 
1961; Shepard, 1967), but are recalled 
more poorly than words of high frequency 
(Hall, 1954). As a second example, 
subjects learning under intentional in- 
Structions recall better than subjects learn- 
ing under incidental instructions, but this 
ordering of the groups is actually reversed 
lor recognition (Dornbush & Winnich, 
1964; Eagle & Leiter, 1964; Postman, 
Adams, & Phillips, 1955), Finally, as- 
sociative and categorical relationships 
among items play an important role in 
recall, but appear to have little if 
effect on recognition (Cofer, 
1966). 

An alternate theory about the relation 
between recognition and recall which has 
as prestigious a history as the strength 
theory is the two-process theory of recall 
(James, 1890; Kintsch, 1970; Miiller, 
1913). This asserts that while free recall 
involves Processes similar to those occurring 


in recognition, recall differs qualitatively 
in that addition 


any 
1967; Kintsch, 


al search Processes are in- 
volved. Specifically, it is assumed that 
during recall, an item 


is first retrieved from 
arch process (whatever 
t is tested by the recog- 
etermine if it js from the 

Thus, in order for a 
it must both be suc- 
and recognized, W 
this two-process model of recall, 
was able to give 


memory by the se 
that is), and then i 
nition process to d 
to-be-recalled list. 
word to be recalled 
cessfully retrieved ithin 
Kintsch 
a natural interpretation of 
the experimental variables which differ- 
entially affect recall and recognition. How- 
ever, these interpretations were clearly 
post hoc, and therefore, as Kintsch (1970) 
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himself admits, “little direct evidence for 
the two-stage theory is available at this 
time [p. 341]" One of the purposes of 
the experiments to be reported in this 
paper is to provide some evidence directly 
bearing on this issue. 


STRENGTH THEORIES OF RECOGNITION 

Current literature on memory appears 
present a solid concensus regarding 
the dominant theory of recognition memory 
—a theory which we will criticize here and 
to which we will offer an alternative. 
The dominant theory assumes that upon 
presentation of a stimulus on a 
tion-memory test, 
directly 


to 


recogni- 
the subject can access 
a representation or trace of that 
item in memory. Stored with this repre- 
sentation is some single continuous (or 
many-valued discrete) variable th 
vides a measure of the subject's degree or 
strength of familiarity with the test item. 
We will call this measure the "strength" 
of the item, using the term formally in- 
troduced by Wickelgren 
(1966). However, 


at pro- 


and Norman 
this measure has been 


given many verbal guises— familiarity” 
by Kintsch (1970) and Parks (1966); 
"amount of information” by Freund, 
Loftus, and Atkinson (1969); and “number 
of feature matches” by Bower (1967). 
The important feature 


to note about the 
of recognition is that it is 
“ahistorical” ; that is, it assumes that a sub- 
ject makes recognition decisions about an 
item not on the basis of detailed memory of 
the past history of occurrences of the item, 
but rather on the basis of a single measure 
which reflects to some extent its past fre- 
quency, recency, and duration of exposure. 
It is this ahistorical character of strength 
theory which is the source of all its 
weaknesses. 

The strength conception of p 
memory is practically as old 
mental psychology (see e.g., 

"excitatory potential” py Hull, Hovland, 
Ross, Hall, Perkins, & Fitch, 1940). How- 
ever, a significant technical advance in 
strength theory came with Egan's (1958) 
application of statistical decision theory to 
recognition memory, That approach as- 


Strength theory 


ecognition 
as experi- 
the use of 
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sumes that there is one normal distribution 
of strengths for those items which have 
been studied recently, and a different nor- 
mal distribution for those items which 
have not. The first distribution is called 
the "old" and the second the "new." 
The average distance between the two dis- 
tributions reflects the amount of strength 
that was added to the studied items by 
their recent presentation. It is assumed 
that the subject chooses some criterion 
point, C, along the dimension of strength. 
(This criterion corresponds to the former 
threshold of recognition.") If the strength 
of a particular item exceeds C, the subject 
vill decide it is an old item and thus ‘‘recog- 
nize" it, If the strength is less than C, 
the subject will decide it is a new item and 

reject it, 
l'his strength theory, elaborated with the 
technical machinery of statistical decision 
theory, can handle some of the salient facts 
gleaned from simple recognition experi- 
ments. For example, it can handle the 
data taken from experiments in which the 
Subject is asked to rate the confidence of 
his recognition judgment (e.g., Murdock, 
1965). In particular, the theory predicts 
the bowed-shape memory-operating char- 
acteristic relating changes in confidence 
rating to changes in the proportions of old 
and new items assigned to the confidence- 
rating categories. The theory predicts 
how this memory-operating characteristic 
Changes as a function of retention variables 
such as recency and frequency (see Kintsch 
& Carlson, 1967). The theory can also 
predict the relationship between multiple- 
choice and single-item recognition experi- 
ments (e.g., Green & Moses, 1966; Kintsch, 

19682). 
However, two detracting points need to 
pi d Phasized regarding these successes. 
Sir these several phenomena are not 
fimi iae for the theory because the 
Soaks lave been shown to also be quite 
. tent with several alternate theories 
a decision making. For example, Kintsch 
iM ee ie the relationship be- 
Ead iip a recogni- 
tree Grandin n predicted by at least 
her than statistical de- 


cision theory. Similarly, Lockhart and 
Murdock (1970) have shown that bowed 
memory-operating-characteristic curves are 
derivable from a diverse variety of under- 
lying old and new distributions other than 
the presumed normal distributions. Sec- 
ond, and of greater consequence, these suc- 
cesses are really triumphs (such as they 
are) for the technical machinery of statis- 
tical decision theory, not for the basic 
strength assumptions. In fact, they pro- 
vide no discriminating evidence in favor of 
the strength assumptions. For instance, 
Bernbach (1967), using a different concep- 
tion of the underlying memory representa- 
tion but similar decision-making machinery, 
produced a recognition model equally as 
adequate as that generated from strength 
theory. Similarly, we too will produce an 
alternate memory model that is equally 
capable of handling these elementary facts 
about recognition. The thrust of this 
argument is that results from simple 
recognition experiments do not suffice to 
discriminate among alternative conceptions 
of the memory representation. 

The strength approach can explain our 
ability to differentiate between a positive 
and negative set of items on a retention test 
if these differ in strength; that is, if the 
items differ in recency, frequency, and dura- 
tion of study. The approach fails, however, 
to distinguish theoretically among items 
which are equated on frequency and re- 
cency, but are nonetheless differentiable 
empirically on other grounds. Yet there 
are multiple dimensions along which to 
differentiate sets of items besides their fre- 
quency, recency, duration, or some com- 
posite strength measure. Example differ- 
entia in verbal learning experiments would 
be where in space the item was presented, 
who said it, how it was said, and other 
special characteristics of its physical and 
psychological context of presentation. In 
fairness, the original strength theorists 
never actually said that subjects could not 
perform discriminations on the basis of 
these dimensions. They were rather con- 
cerned with other matters. Strength of 
familiarity was adopted as a convenient 
concept for integrating with their technical 
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machinery. However, the evidence is now 
available that an undifferentiated strength 
of familiarity concept is not sufficiently rich 
to account for the subject's ability to 
differentiate sets of items. 

Of relevance to this issue is evidence 
showing item differentiation in the subject’s 
editing of his free recall. An experiment by 
Bower and Clark (1969) illustrates differ- 
entiation in recall of a sort th 


at cannot be 
handled in simple streng 


th terms. Their 
subjects learned lists of unrelated nouns by 
generating meaningful Sentences, woven 


into stories around the critical words. This 
heuristic greatly enhanced their later recall 
of the critical nouns. But, for present 
purposes, the significant fact is that sub- 
jects almost never intruded their elabora- 
tive additions while overtly recalling (in 
writing) the critical nouns. In recalling, 
they would recite their story t 
but write dow 
That outcome 
When asked, most sub 
experiments will report thinking 
many nonlist words (e.g., a ca 
to help mediate recall of list words, yet the 
mediators are rarely intruded in recall, 
An experiment by G. H. Bower and p. 
Winchester (unpublished) Showed that 
following à lengthy word association task, 
Subjects had over 90% accuracy in later 
identifying Whether a given item w 
of the experimenter's stimulus wo 
one of their own associate responses, 
The argument above claims that an ele- 
Etude fo dein owl, 
£ nd inating list items from 
implicit associative responses duri 
learning, A related difficulty vit 
strength theory is that it 
Tora facts about list differentiation. 
us issue is engaged, for ex 
trial free recall 
studied and rec 
typical task, 


al nouns. 
incident, 
jects in free recall 
about 
itegory name) 


as one 
rds or 


Studies using multiple lists 
alled in Succession, Jn the 
the Subject 


is req uired 
recall only the “most recent” 3 *- 
recall of the mo 


list, Now, 
nt list could h 


ngth models by assuming 
a retrieval mechanism that Outputs only 


those items whose strength exceeds 
terion amount (earlier 


st rece 


M e im- 
plemented in stre 


a cri- 
items having de- 
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cayed below that amount). However, as 
Shiffrin (1970a) has demonstrated, subjects 
are also capable of recalling only those items 
from the list which just prec 
recent list ; following pre 
his subjects recalle 
could do so with re 


eded the most 
sentation of List x, 
d List 2 — 1, and they 
asonable accuracy. 

One might imagine that strength theory 
could also explain Shiffrin's results by 
invoking the idea of the decay of memory 
strength (see Wickelgren & Norman, 1966). 
Since an item's strength decays continu- 
ously between its presentation and its 
retention test, one might suppose that 
access to List n — 1 is provided by an 
"internal editor” which recalls only those 
items whose strengths fall in an appropri- 
ate bandwidth (see Hinrichs, 1970), above 
à lower bound (distinguishing List & — 1 
from List n — 2) and below an upper bound 
(distinguishing List n — 1 from List n). 
This "bandwidth" explanation | receives 
Some support in research by Hintzman and 
Waters (1969, 1970) showing that identi- 
fication of which of two lists an item 

peared in improves with inc 
poral inter 


val between the t 
deterioriates with 


ap- 
reasing tem- 
wo lists but 
increasing interval be- 
tween study of the lists and the retention 
test. So, temporal discriminations (im- 
plemented by whatever mechanism) 

clearly important in list differentiation. 

n Counterargument, however, it can be 
Shown that Such temporal judgments can- 
not be based solely on any simple strength 
variable. This can be concluded from ex- 
periments which simultaneously vary fre- 
quency and recency. An item in List 1 


may be presented 10 times as frequently as 
an item in List 2; so, according to any 
"strength" t 


heory, the List 1 item will be 
the stronger. Yet in List 2 recall, the sub- 
ject is much more likely to recall the List 
2 item than the frequent List litem. In 
Studies of list differentiation. Winograd 
(1968) found in fact that Such unbalanced 
requencies actually improved list dis- 
crimination rather than the converse as 
expected by Strength theory 
and Block (1971) showed 
assignment of an item to List 


List 2 increased directly with 


are 


Hintzman 
that correct 
1 rather than 
its frequency 
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of occurrence in List 1; a simple strength 
‘theory of list differentiation would have 
predicted the opposite, namely, higher 
probability of assigning frequent items to 
the more recent List 2. 

Although list differentiation experiments 
commonly use each item in just one of 
several lists presented (see, however, Hintz- 
man & Block, 1971), interesting results are 
also yielded by experiments in which a 
given item appears in several lists. We 
have conducted such an experiment (G. 
H. Bower & J. R. Anderson, in preparation) 
in which subjects studied a series of four 
overlapping lists. There are 16 (23) pos- 
sible combinations of appearances and 
nonappearances for a particular word across 
the four lists. Several words were used to 
instantiate all 16 possible combinations, 
and subjects were later asked on a reten- 
tion test to indicate in which lists each word 
had occurred. For present purposes, the 
most important result of that experiment is 
that subjects were much more accurate in 
list identifications than one could ever pre- 
dict from a simple strength theory. For 
instance, subjects can correctly remember 
that one item occurred in Lists 1 and 4 and 
that another occurred in Lists 2 and 3, 
etc.; yet it is simply unimaginable how a 
Single strength measure attached to each 
item could provide for such patterned dis- 
criminations. Such results show that 
"memory Strength" alone is insufficient to 
account for the salient facts about list 
discrimination. 

To pursue matters just one more counter- 
move, a strength theorist might try to ex- 
plain such embarrassing results by sup- 
plementing the strength information with 
a further independent measure of the tem- 
Poral recency of the item. Such a "two- 
measure” theory might integrate the data 
in our “2% [ist discrimination experiment 
along with Winograd's results and those of 
carpe Sind Waters. However, we 
Bull not pe a that two measures are 
pied iue ough. For instance, the pro- 
ae measures (strength plus a re- 
tes E cen explain the ability of 
S a unate implicit associates 
from test items, or their ability to identify 


101 


the location or the modality (auditory or 
visual) in which an item was presented 
(D. L. Hintzman, unpublished). On these 
grounds it would seem reasonable to sup- 
pose that subjects can perform list dis- 
crimination on any reasonably salient 
dimension. 


RECOGNITION VIA ASSOCIATION 
TO CONTEXT 


For such reasons, we reject the view 
that recognition is mediated by a simple 
strength measure or any simple combina- 
tion of measures. In place of this we pro- 
pose that items are recognized by retrieval 
of certain kinds of context information 
originally stored along with the item in 
question. This contextual information 
includes physical characteristics of an 
item's presentation, implicit associations 
to the item, and some cognitive elements 
representing the list in question. We have 
no startling insights regarding the nature of 
these context elements which are presumed 
to vary across lists. They might include 
the subject's general mood or attitude, his 
physical posture, and his physiological 
state, as well as any conspicuous external 
cues prevailing during presentation of List 
n. One prominent set of cues may be pro- 
vided by implicit verbalizations, especially 
an implicit count as when the subject says 
to himself “first list," "second list.” 
Another prominent set of contextual cues 
for the recognition of an item could be 
provided by other words in the list. An 
interesting curiosity is how the subject 
identifies where List n — 1 leaves off and 
List n begins; but clearly, temporal group- 
ing and distinctive signals, instructions, 
or activities (like recall) interpolated be- 
tween lists all combine to promote identi- 
fication of beginning and end segments of 
that seria! unit we call List n. A further 
curiosity, not explored here, is the issue of 
how the subject decides whether temporally 
distributed clusters of presentations con- 
stitute different presentations of the “same” 
list or are “different” lists. 

A significant consequence of this con- 
text-retrieval theory is that the task of 
item recognition is not really different in 
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kind from that of list discrimination. In 
both tasks, the subject must make his 
decisions on the basis of contextual infor- 
mation retrievable from the test word. 
The only difference is that the recognition 
task involves a yes-no decision; that is, the 
subject must indicate whether he saw the 
word in a particular list context. In con- 
trast, list discrimination involves a forced- 
choice task ; that is, the subject must decide 
in which list context the word occurred. 
At this point, however, the proponent of 
the strength of familiarity 
might want to object and insist 
retical separation of the simple 
paradigm from 


hypothesis 
on a theo- 
recognition 
the list discrimination 
paradigm. His argument might go as 
follows: “I concede that list discrimina- 
tion tasks may require something beyond 
a strength measure, perhaps something like 
your ‘contextual associations’ business. 
But that does not disprove my strength 
theory of pure recognition. In that task, 
surely, subjects use strength of familiarity 
because it is convenient and because it 
works. In other words, I claim that simple 
recognition and list discrimination involve 
fundamentally different mnemonic and 
decision processes.” 

As long as both n 


nodels handle equally 
well the simple reco 


gnition task, there is 
no way to disprove this dualistic claim. 
However, on grounds of parsimony one 
would say that there is no need for a special 
theory for a Special circumstance when 
à more general theory subsumes the special 
circumstance and many others. Besides 
its lack of parsimony, this attempt to give 
& special status to the pure recognition 
paradigm ignores the fact that all recogni- 
tion experiments are implicitly list or set 
discrimination experiments. This is obvi- 
ous upon closer analysis of the "pure 
recognition" experiments. Every subject 
has seen, heard, and thought thousands of 
words before he sees the experimental list, 
and he frequently sees, hears, and thinks of 
a great many nonlist words between study 
and test. We have already noted that 
subjects think implicitly of many words 
while the study list js being presented, 
Undoubtedly, included 


among the dis- 
tractors in a “pure recognition” test will 
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be words that the subject encountered 
before, during, and after the study list in 
question. Therefore, the subject’s actual 
task is to discriminate a particular subset 
of words from all others on the basis of 
differentia such as where, when 
the word was encountered. 

For example, in 
ours (G. H. 


, and how 


a recent experiment of 
Bower and J. R. Anderson, in 
Preparation), the implicit discrimination 
involved in an alleged “pure recognition” 
experiment was explicitly given 
mental analysis. After hearing a list of 
study words which they were told to re- 
member, the subjects heard lengthy in- 
structions describing the multiple-choice 
recognition test they were about to receive. 
The multiple choice included one word 
from the study list along with two dis- 
tractors. Unknown to the subject, how- 
ever, one of the distractors was a semantic- 
ally similar word that had been mentioned 
two times in the instructions interpolated 
between the study list and the recognition 
retention test. In comparison to the study- 
list item, this "instruction distractor” 
should have been greatly favored in terms 
ofa strength measure, because it enjoyed 
both higher frequency and shorter recency 
than the study-list word. However, as 
intuition and our model suggest, the sub- 
jects had not the slightest difficulty in 
selecting the study-list word of this mul- 
tiple-choice set, Their ability to discrimi- 
nate was also unrelated to whether the 
subject indicated any awareness of the 


instructional distractors. The instructional 
distractor was ¢ 


hosen just slightly more 
than the totally new distractor, a result 
consonant with some generalization among 
the "list" and "instructional" contexts 
associated to the words. This small 
demonstration just makes transparent the 
point we have been urging: What is, to 
appearances, a simple recognition memory 
experiment is, in actuality, a list differen- 
tiation experiment in disguise. 


experi- 


DETAILS or THE MNEMONIC 


REPRESENTATIONS 
We could re 


Present the entire constel- 
lation 


of contextual stimuli prevailing 
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teen d Lat. presentation asa single pat- 
5. & smel bape 1a uie learning system 
RUBENS m dian pn w all-or-none as- 
However, for teci nl amd r^ ae al 
Pe S à E Ph e and theoretical 
of Boolek a à e fo postulate a pool 
nee ak elements which singly, 
: i {rately ; and independently serve to 
m a n. As in the stimulus-sam- 
e y of Estes (1959), List » will 
: SUN Euer as a population of 
d variable stimulus components. 
: here will be one such stimulus population 
Li. sponding to each ordinal list—one for 
D St 1, one for List 2, and so on. It would 
€ realistic to assume that the successive 
Stimulus populations form an ordered array 
of uniformly overlapping sets so that 
Stimulus generalization, confusion, or fail- 
ure of list differentiation would be most 
likely among temporally adjacent lists. 
However, the basis for that proximity 
Metric will not be presented here, but it 
has been developed elsewhere (Bower, 
1972), 
. Our basic conception of human memory 
15 that of a huge network of tens of thou- 
Sands of nodes interconnected by associa- 
“ons. ‘The nodes correspond to individual 
Concepts the subject has, and the associa- 
tions encode relations that the subject has 
learned between the concepts. Upon pre- 
Sentation of a word in study, we assume 
that the sensory features of that word 
activate the node in the network that 
Corresponds to the word. Simultaneously, 
there are active in the network nodes cor- 
responding to the various contextual stimuli 
that the subject is attending to. We will 
Make two specific assumptions with respect 
to how the node corresponding to the word 
’ecomes connected to the contextual nodes: 
in E Ar the time of occurrence of any word 
fuse. we suppose that there is simul- 
ii "m iss a unique element or node 
Bier d Arum vill be called the list 
lise ake te a tg The purpose of this 
ing during hat = = eo 
ibat is by pius of the word. 
M amie. erconnecting the set of 
The marker-fl es active at that moment. 
lection c ser thus acts like a label for a col- 
or bundle of contextual elements 
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We assume that there is a probability 0 
that any particular element in the List 2 
population of context elements is active 
and is associated to the list marker. 

2. There is a probability æ that the sub- 
ject will form an association between the 
memory node corresponding to the word 
and the memory node corresponding to the 
list marker. This association serves to 
record a particular fact about the word, 
namely, that it occurred in a particular ex- 
perimental context. Thus, we assume, in 
common with Mandler (1967), Kintsch 
(1970), Norman and Rumelhart (1970), 
and many others, that what is learned in 
a verbal learning task is not the word itself 
but rather information about the word 
(e.g., that it was presented in surprising 
red letters in the first part of the list,while 
the subject was thinking about what he 
would buy with his wages from service in 
the experiment). 

Figure 1 provides a schematic diagram 
of what we have been discussing. Three 
words in memory, A, B, and C are being 
associated to a set of contextual elements 
from List 7 and a set from List j. The 
figure illustrates some overlap between the 
sets of elements for Lists 7 and j because, 
in general, there is reason to believe that 
the contextual elements for a particular list 
will not all be unique. These overlapping 
elements do not serve to discriminate List 


CONTEXTUAL 
ELEMENTS 


LIST 
MARKERS 


WORDS 


LIST I 
ELEMENTS 


LIST J 
ELEMENTS 


Fic. 1. A hypothetical state of marking of three 
words A, B, and C, with respect to two lists ¢ 


and j. 
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from List j, but they could help dis- 
riminate both lists from a third list. In 
figure 1, Word A has been successfully 
associated to a List i marker, Word B to 
both a List i and a List j marker, and W ord 
C to just a List j marker. The list markers 
serve to keep track of the lists in which a 
particular word occurred. . 
One may ask why we have inserted, in 
Figure 1, list markers between the con- 
textual elements and the words. Why not 
simply assume that the subject associates 
the contextual elements directly to the 
words and eliminate list markers entirely? 
The reader should keep in mind that the 
point of introducing associations to context 
is to provide a means for keeping track of 
the occasions and the lists in which particu- 
lar words appeared. "This would be difficult 
to implement on the basis of direct associa- 
tions between the word and the contextual 
elements. How would the subject sort 
out which contextual elements belonged to 
which list? But even greater difficulties 
arise for this alternate hypothesis when we 
consider the problem of how a subject 
would keep track of what happens within 
à single list. For instance, if a word ap- 
peared twice in a single list, we expect that 
a subject could often report that fact and 
describe the contexts prevailing at each of 
the presentations. According to the model 
in Figure 1, the subject would have two 
distinct list markers associated to the word. 
Each of these list markers would have as- 
sociated to it a different subset of the con- 
textual elements, Thus, when tested, the 
subject could retrieve two distinct list 
markers and therefore judge that he had 
seen the word in two contexts. Moreover, 
by means of the contextual elements as- 
sociated to each of the list markers, he 
might be able to describe something about 
the two contexts, 


For instance, Hintzman 
and Block (1971) showed that the subjects 
had considerable accuracy in reporting 
both serial positions of a word that oc- 
curred twice in one list. On the other hand, 
consider the predicament of the subject if 


all he had was direct word to context- 
element associations. If the word was 
presented twice, more contextual elements 


Joun R. ANDERSON AND Gorpon H. BowER 


would be associated to the word, so the 
subject might be able to judge that the 
word had been presented twice. However, 
he would have no way of sorting out which 
contextual elements belonged to which 
presentation. To reiterate, the point of 
introducing list markers in an association 
theory is to give the subject a means of 


keeping different events distinct in his 
memory. 


'The notion of list markers developed 
above is very similar to a model suggested 
by Hintzman and Block (1971). They 
also briefly considered an alternate model in 
which item repetition is reflected by mul- 
tiple copies or replicas of each word (see 
also Bernbach, 1969; Bower, 1967). Within 
such a model, the contextual elements 
would be directly associated to the word 
without an intervening marker label, but 
to a different replica of the word each time 
it was presented. This approach may ap- 
pear to eliminate the need for the list 


markers and the association between the 
words and the list markers. 


However, that 
appearance is deceiving. 


In such a mul- 
tiple-copy model, it is necessary to postu- 
late some means of retrieving the many 
copies from a single phonemic representa- 
tion of the word (e.g., in order to estimate 
its frequency of presentation in a list). 
When such a model is elaborated with the 
necessary retrieval mechanism, it turns out 
to be isomorphic to ours: The prototypical 
phonemic representation of the word cor- 
responds to the word in Figure 1; the 
different copies correspond to the different 
list markers; and the probability of retriev- 
ing a copy from a phonemic representation 
corresponds to the probability of forming 


an association between the word and a list 
marker. 


FORMAL MODEL ror RECOGNITION 
JUDGMENTS 


The foregoing assumptions provide us 
with a formal model for recognition judg- 
ments that is indistinguishable from Bern- 


bach’s (1967). In deciding whether a test 
word was in List n, 


| the subject evaluates 
the item with respe 


ct to how much evi- 
dence there is for the word's membership 
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nda ed v s is done by assessing the 
Be [us eid n € associated to 
word in List x usb os study of any 
à. List a NN e is probability a that 
Lo n marker is associated to the word 
es be assumed to vary with study- 
es 2 a i 
the word tl i ar er 18 associated to 
Siete a ye number of List 2 elements 
be bin EH to the node of that marker will 
E omially distributed with parameters 
ia d eia of elements in the List 7 
^ Pm SM and 6, the probability that 
iker ¢ element is associated to the list 
eter SUE our earlier assumptions). For 
dits it is well known that a binomial 
eit bution approximates to a normal dis- 

ibution; so such normal approximations 
Will be used throughout this paper. We 
Will let f, (x) denote this probability dis- 
tribution of x, the amount of evidence 
toward List z, for a test item that has been 
Successfully tagged with a list marker. In 
the following we will refer for convenience 
to x as the scale of “List » evidence." 

We let f, (x) denote the comparable dis- 
tribution of evidence for List » for items 
not presented on List » as well as for items 
Presented on List » but not successfully 
associated to a List » marker, which event 
Occurs with probability 1 — a One basis 
for f,(x) having nonzero values could be 
Overlap or generalization between succes- 
Sive list contexts in which the test item 
ee and hence confusions. For such 

Sons, a test item may be judged falsely 
38 Occurring on List 7 when in fact it oc- 
curred on earlier lists. 

E he distributions fm(v) and fu(x), and 
> parameter a, are precisely those re- 

quired in Bernbach's model. The proba- 

ae distribution of list evidence for an 

bilit presented in the ith list is the proba- 
y mixture 


f(x) = afm(x) + (1 — @) fa (2). 


TI T ere 

SOE ee fie) is definitely not 

means Pi eA as it does on a and the 

ME. f SEMIS of f,(x) and fa). 
illustrates some possible distri- 


buti 

ons for fik 

: x) w 

Variances. iG) when fm and fu have equal 


The ingredients for a “statistical deci- 
sion theory” analysis of recognition memory 
are now at hand. The distributions f«(x) 
and f;(x) serve, respectively, like the noise 
and signal-plus-noise distributions in the 
theory of signal detectability. So the whole 
set of facts outlined previously regarding 
yes-no and multiple-choice recognition 
procedures and memory-operating charac- 
teristics are within explanatory reach of the 
model. The model also extends in the 
customary way to handle confidence ratings 
regarding an item's membership in List 
n. It is supposed that the subject assigns 
a rating dependent on how much evidence 
(number of associated List 7 elements) 
relevant to List 7 membership is retrieved 
by the test item. 

The foregoing remarks develop our model 
for recognition and list differentiation, and 
it is directly relevant to such data. How- 
ever, we are here concerned with the recog- 
nition process as à monitor or editor for 
free recall. Following input of a word list, 
the cue for recall initiates some search and 
retrieval mechanisms which begin implicitly 
producing plausible list candidates, items 
which might be on List 7. These implicit 
candidates are then input to a recognition 
process to assess evidence for their List 2 
membership. If that evidence exceeds 
criterion, the candidate is designated a 
List n item and it is given in overt recall. 


RETRIEVAL PROCESS 


Having completed our description of the 
recognition model, we will now outline 
our model of the retrieval process which 
generates implicit candidate words for 
possible overt recall. It is simply hopeless 
to imagine a random mechanism which 
searches haphazardly and serially (or in 
parallel, for that matter) through all pos- 
sible memory locations, hoping to stumble 
across a few of the list words. Our memo- 
ries are very large and not well organized 
for such random searches. One obviously 
needs a directed search process, and the 
model to be described accomplishes this by 
searching only those associative pathways 
which have been recently tagged as useful 
for retrieving the word set under considera- 
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Possible forms of fi(x), the distribution of List evidence for words 
» as a function of the probability of association to the list marker a, 
stance between the distribution for marked words, Án (x), and the 
n for unmarked Words, f, (4). 


tion. ‘This model is realized in a co mences to deve] 
simulation Program describeq by Anderson on this presented list 
(1972). Since its particular task environ- only these, FRAN le. 
ment and testing ground was free recall of 


Presented on List 5, b 
word lists, it has been dubbed FRAN, an 
acronym for Free Recall in 


Network. 
FRAN starts 


mputer 


g to the 
an Associative a List 5 
corresponds to the recog 
Preexperimental j 
among 


with a 


a large set g of the memory node 
The experimenter FRA follows one or more 
selects a Subset of these ating out from 

Searching for other w 
me. FRAN com. that are ; 


OP à way to recall the words 

(call it List n) and 
arns which words are 
y tagging the memory 
words being 
marker. 
nition process we 
In addition to this 
(call it A), 


'ords (memory nodes) 
list. This latter in- 
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seine ba aha by whether or not 
association to : Tre E "enar 
st word is ard es li another 
then FRAN atte n this associative search, 
pathway Fas Sede Ae tag the associative 
node. This & ers ed to the found target 
pathway S "ISEInE ot a prior associative 
Ama ay proceeds just like the tagging of 
Sr ne, namely, by eiie an 
[npe eiie ae aist marker. These list 
od ^n og Pip pathways are what will 
aio. hi = search Hone a, a tagged 
xem essentially delivers a later direc- 
ME rd search process to follow out this 
Pers : to get from recall of Word A to 
RR other list words. 
" Phere is one further process of signifi- 
cange occurring during the study phase of 
a free recall experiment and that is con- 
Struction of a sublist called ENTRYSET. 
he list of words serve as special “starters” 
from which FRAN can begin her chains of 
recall during output. Technically, a word 
on ENTRYSET is simply one which re- 
elves an association from a special memory 
"ode called LIST N, which we may con- 
Sider as a prototypical representation of 
List n. The number of “recall starters” on 
ENTRYSET is assumed to be very limited 
(in the current program, only three items). 
he program has a set of crude heuristics 
9r eventually converging upon those items 
Which are most “central” in the associative 
network in that they lead to recall of the 
argest number of list words. 
, In the usual free recall experiment, dur- 
Ing output FRAN first dumps out the three 
to five recent list words in her short-term 
Memory, She then uses these plus the 
items on ENTRYSET to start her search 
of long-term memory for further words to 
recall. This search involves following the 
paed associative pathways radiating out 
Sách €: M the starter nodes in turn, with 
‘SoG proceeding in a depth first 
search Peres sd this directed associative 
ing nee i s considers many words, test- 
at p lor recognition (i.e., whether it has 
a o E a List. n marker). lf 
recalled. ord is recognized, it is overtly 
The reader will Note that context infor- 
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mation is being used in three different ways 
in FRAN. First, via the list marker (col- 
lections of context elements), retrieval of 
context from a test node underlies correct 
identification of List 2 words, thus forming 
the basis for list discrimination. Second, 
via the LIST N node (i.e., the prototype of 
the List 7 context), the context also has the 
status of a "stimulus" initiating recall 
chains from the ENTRYSET words. 
"These two uses of context are not original 
with us. Similar notions were suggested by 
Norman and Rumelhart (1970); a stan- 
dard assumption of interference theory is 
that context cues serve as stimuli govern- 
ing emission of a response (Keppel, 1968; 
McGovern, 1964). We have expanded 
these notions and provided an explicit 
representation and model for them. The 
third use of context, to tag associative 
paths in the memory network, is unique to 
our learning and retrieval model. Such 
second-order associations, that is, an as- 
sociation between an associative link and 
a memory node (a List n marker), have not 
been used in the more traditional associa- 
tive theories. However, the second-order 
association is really only a labeling of a 
lower order association, and most current 
theories of memory (e.g., Quillian, 1969; 
Rumelhart, Lindsay, & Norman, 1972) do 
involve labeling of associations with such 
semantic relations as category membership, 
superordination, opposition, and the like. 
In FRAN, labeling preexisting associative 
pathways with a List x tag provides the 
mechanism for guiding FRAN's memory 
search during recall. Since the two kinds 
o[ tagging, of memory nodes versus as- 
sociative pathways, are independent, it is 
the case that word recognition in FRAN is 
independent of the retrieval processes. 
This independence of the two processes will 
be important in the experiments that 
follow. 

The above description of FRAN is 
necessarily brief and incomplete, focused on 
only those aspects pertinent to the two- 
process recall hypothesis. Papers by 
Anderson (1972) and Bower (19722) should 
be consulted for further details of the 
theory, the simulation program, and a sam- 
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pling of results which the theory explains 
and those with which it has difficulties. 
In our opinion, it is the most viable theory 
of free recall currently available in terms 
of its range of applicability. 


EXPERIMENT I 


Experiment I is one of those research 
curiosities begun for irrelevant reasons but 
which turned out to provide the stim 


ulus 
for this program of rese. 


arch and theorizing. 
We presented subjects 15 successive lists 


of 16 words, each list selected in a pseudo- 
random manner from a master set of 32 
words. As a consequence, lists after the 
first had partial overlap in membership 
with earlier lists. After the presentation 
of each list, the subjects were required to 
recall only those words that were in the 
most recent list, According to our re- 
trieval model, the ability to retrieve the 
full set of 32 words should improve with 
repeated study trials because there is more 
time to discover and tag associative path- 
Ways between the words. 

However, the model makes a m 
different prediction about the rec 
subprocess of free recall. The implicit 
candidates for recall generated by the re- 


trieval component will include many or 
Most of the master & 


et of 32 plus some 
associatively related items. The task of 
the recognition component is to select which 
of these words occurred in the most recent 
list. This it does by checking to see which 
of the candidates are tagged with list 
markers ri i the m 
Since iff 


arkedly 
ognition 


Succeed if 
marker with the to-be. 
each trial (list). T 
is conceived essenti 
task in which the 
Stimulus term an 
the response term. 
à single word 


agging with list m 


arkers 
ally asa Paired-associate 


tagging of 
essive lists 
A-C para. 
One might 
amount of negative trans- 
as the subject learns A-B, 


appearing in suce 
exemplifies the classical A-B, 


digm for negative transfer, 
assume that the 


fer accum ulates 
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then A-C, then A-D, etc. Similarly, ne 
assume negative transfer grows as the sub- 
ject learns associations to list markers as s 
A-List 1, A-List 3, A-List 5, and so fort n. 
We have not found a cumulative negative 
transfer study in the literature that e ecd 
parallels our situation, but Ul Herve 
(1945) has demonstrated that proactive 
inhibition increases as the same stimulus 
term is paired with progressively mora 
responses. It is reasonable to assume that 
negative transfer would also increase as 
the same stimulus is paired with more iE 
Sponses. For instance, such a result s 
predicted by the assumptions about re- 


Sponse competition proposed by Kjelder- 
gaard (1968). 


In this experiment, each word will 2 
paired with a new list marker on every es 
that it appears for study. Therefore, = 
probability of successfully tagging a word 
should decrease across lists, with a conse- 
quent decrease in the subject’s ability to 
recognize to-be-recalled words. Thus, a dis- 
sociation of the two subprocesses is 
expected, with retrieval improving and 
recognition of implicitly retrieved words 
deteriorating across successive lists. Such 
a dissociation would emphasize the utility 
of conceiving of free recall in terms of the 


two-process model, It would be impossible 
for the threshold mo 


del, which relates both 
recognition and retrieval to the same factor 
of “strength,” to account for such a 
dissociation, 


Method 


From a master set of 32 common concrete nouns, 
15 lists of 16 words were generated. Words were 
i istraint that 
ach other list would 
ndent, multiple over- 
at the subjects could 


4 word in one list as any 
indication of its membership in any other list. 


Therefore, decisions about membership of a word in 
the current list would have to be based solely on the 
word's rating on the scale of evidence for that list. 
By the sixth list, every word in the master set had 
occurred in at least one list. By the fifteenth list, 
a particular word had occurred in anywhere from 
4 to 11 of the lists, The order of words within 
a particular list was randomly determined. ‘The 
Same sequence of 15 lists was Presented to all of the 
Subjects, The words Were slide projected one at 


not use membe: 
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ieee held the subjects wrote their recall of 
They iud nti t of words they had just studied. 
instructed beber pag uam prc durs 
“probable” that ee ing only if they thought it 
studied. The expe word came from the last list 
Eee experimenter collected the recall 
list. Ta J rs procedure was repeated for the next 
ROI [eee the instructions, the experimental 
jects esr about 50 minutes. Seventeen sub- 
réétiitted v es, 11 females; 16-22 years old) were 
Paper and rough an advertisement in a local news- 
were i: Ae. VETE paid $1.75 for their services. They 
ested in two groups of size 7 and 10. 


Results 


Figure 3 shows the average number of 
Words recalled from the most recent list 
(abbreviated R words) and separately, the 
Number of words which were intruded from 
Carlier lists and were not on the most recent 
list (N words). The number of R words 
recalled minus the number of N words, also 
shown in Figure 3, provides a conservative 
Correction for guessing in recall. In the 
Curve for R-word recall and in the cor- 
rected-recall curve, there appears to be an 
initial improvement in recall followed by 
deterioration. ^ Using orthogonal poly- 
nomials, an equation involving the first six 
Powers was fitted to the corrected recall 
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over the 15 lists. The improvements in the 
fit due to the linear and quadratic compo- 
nents of the curve were significant 
(F = 8.35, df-1/8, p «.05, for the 
linear component; F = 12.36, df = 1/8, 
p «.01, for the quadratic component). 
However, the addition of the four higher 
order polynomials did not significantly im- 
prove the fit of the theoretical curve 
(F = 2.03, df =4/8, p» 10. The 
smooth curve in Figure 3 describes the 
best fitting quadratic equation for the cor- 
rected recall. There is considerable varia- 
bility of the observed points about the 
quadratic curve. This variability may be 
attributed to differences among the indi- 
vidual word lists. The theoretical inter- 
pretation of this overall rise then fall in 
recall is that the improvement in item 
retrievability predominated initially, but 
that after retrievability had reached an 
upper limit, the degradation of list differ- 
entiation continued and recall deteriorated 
as a consequence. This is because recall is 
monitored or edited by list differentiation 
decisions. This interpretation is further 
tested in the following experiments. 
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EXPERIMENT II 


A simple challenge to this interpretation 
of the results is to question whether the 
results have anything to do with the par- 
ticular experimental manipulation em- 
ployed. Quite possibly the initial improve- 
ment may simply reflect "learning to 
learn" and the later decrement may only 
reflect progressive fatigue or loss of motiva- 
tion of the subjects. The obvious control, 
then, is to repeat the last experiment but 
with a completely different list (i.e., no 
words repeated) on each trial. 
should be negligible across-trial change in 
retrievability because the subject is learn- 
ing new items on every list. Also because 
new words are being studied on each trial, 
both the stimuli and the responses for the 
hypothetical paired-associate task under- 
lying the list marking are different on each 
trial. "Therefore, there should be little, if 
any, negative transfer in identifying the 
most recent list. Hence, if the results of 
Experiment I were really due to the pseudo- 
random repetition of words across lists, 
then neither the initial increase nor the 


later decrease in recall should be observed 
in this second experiment, 


There 


Method 


Twenty lists of 16 words were cre; 
randomly without replacement fr 
of 320 common concrete nouns, 
Were used in the same order for 
Procedure for testing was identical to th 
periment I, This experiment, includ 
lasted about 70 minutes, Twenty-or 


males and 11 females; 18-22 years old) se 
this experiment ¢ i 


ated by sampling 
Om a master set 
The same 20 lists 
all subjects, The 


Served in 
al fulfillment of a require- 
ment for the introductory Psychology course at 
Stanford. 7 hey were tested in two groups of size 
0 and 11, 
Results 


Figure 4 gives the mean 
words recalled in Experiment I 
tion of the trial number, Strictly speaking 
only the first 15 trials are relevant to 4 
comparison with Experiment L 
trials there js neither a Significant linear 
DOr à significant quadratic trend, 
ever, if all 20 trials 


ear trend becomes si 


af = 1/17, p < .05) 
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Mean number of words recalled in 
Experiment II as a function of trials. 


trend is still not significant (F = 1.87, 
df = 1/17). The smooth curve in Figure 
4 describes the best fitting quadratic equa- 
tion to the data over the 20 trials. The 
nonsignificant quadratic trend in Figure 4 
is exactly opposite to that of Figure 3—that 
is, recall is worse in the middle trials of the 
experiment, However, the only significant 
effect is the linear trend which indicates 
something of a Warm-up effect with recall 
improving slightly toward the end of the 
experiment. While the improvement across 
trials is not very substantial, it contrasts in 
a minor way with the results of Murdock 
(1960) who found no improvement across 
unrelated lists in single-trial free recall. 


EXPERIMENT III 


Although the Preceding experiments con- 
firmed expectations, the hypothesized 
mechanisms would he more credible if we 
could observe Separately the decay in 
recognition and the increase in retrieva- 
bility rather than viewing only their com- 
bined effect on recall. One would then be 
able to determine whether improvement 
in retrievability first dominated but was 
later Overcome by deterioration in list 
recognition. The third experiment pro- 


vides Separate Measures of retrieval. and 
list recognition, 


Method. 


_ The Subjects in this ex 
tical sequence of 15 


Periment studied the iden- 
lowever, they were 


lists as used in Experiment I. 
required to try to recall the 
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tee ip MET aot of 32 words on each trial, not just 
jects r an eat in the most recent list. The sub- 
fidence e in inen torrare aa 6 point enn- 
word they racalled Ed E Ly thought sach 
they had studied ar : pom he most recent list 
P1 eedan xu NS UNE scale ranged from 
recent list" up to et viec was on the most 
WAS not on the = confid ént the recalled word 
the:terntinat ie Most recent list." Hence, to use 
rating ideni of periment I, a low confidence 
Was ti R a that the subject thought the word 
indicated es whereas a high confidence rating 

Heated that he thought it was an N word. By 
ort cee of R words without regard to their 
by nir Eh retrievability may be monitored; 
subject’s abili i confidence ratings, changes in the 
monitored. ty to recognize words can be 
thei eet were given 165 seconds to write 
tach of i y to record confidence ratings bes de 
and illust ng „words recalled. Detailed instructions 
given is cations on use of the confidence e were 
Subjects qi a pilot study had indicated that many 
Ue d would misunderstand the instructio 
RM E just for those words which ap- 

E | for the first time in the most recent | 
ncluding the instructions, the experimental se: 
asted about 75 minutes. Twenty-four subjects 
ao males, 14 females; 16-23 years old) were re- 
cruited through an advertisement in a local news- 
Paper, In a two-hour experimental session they par- 
ticipated in this and another unrelated experiment 
which followed, and they were paid $3.50 for the 
They were run in three groups of 


total session. 
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sizes 6, 8, and 10. Six subjects were excluded from 
the analysis because of failure to use the recognition 
scale properly on some of the trials. 


Results 


An initial question is whether the 
earlier results of Figure 3 have been dupli- 
cated under these altered conditions. In 
this experiment, a rating of 1 indicated 
that the subject was certain that he had 
seen the word in the list just studied, and 
a rating of 2 indicated he thought it prob- 
able that the word came from that list. 
Since the subjects were instructed in Ex- 
periment I to recall only the words they 
thought "probably had occurred" in the 
last list, the words recalled and rated 1 or 2 
in Experiment II should be comparable 
to those recalled in Experiment I. Figure 
5 shows the frequency with which R words 
(in the most recent list) were recalled and 
rated 1 or 2, and the frequency with which 
N words (not in most recent list) were re- 
called and rated 1 or 2. Figure 5 also shows 
recall corrected for guessing by subtracting 
the mean for the N words from the mean 
for the R words. The data represented in 
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Figure 3 and the data represented in F 
5 are quite similar. As in Experim 
an equation involving the first six 
was fitted by means of orthogona 
nomials to the corrected recall over tı 
The improvement in the fit due to the linear 
component was marginally significant 
(F = 5.06, df = 1/8, p < -10); the im- 
provement in fit due to the 
component as 
df — 1/8 p < 
polynomials did not si 


igure 
ent T, 
powers 
| poly- 
r trials. 


The smooth 
scribes the best fitting 
Corrected recall. 


That quadratic equation confirms an initial 


rise and subsequent fall in the corrected 
recall. "Thus, we m 


ay conclude that the 
procedural changes in this experiment have 
not altered the basic processes that were 
occurring in the first experiment, 

We can now determine Whether, as 
hypothesized, retrievability improves while 
list recognition deteriorates across trials, 
Figure 6 Presents the mean number of 
words recalled, while Figure 7 shows the 
of the words re- 
S, the data are 
ups according to 
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whether or not the word was in the most 
recent list and according to the number of 
times the word had appeared before that 
list. The eight R words that had been 
presented fewer times than the mean num- 
ber for those in the most recent list were 
classified as LR (less frequent, recent), and 
the other eight presented more than the 
mean, MR (more frequent, recent). When 
frequencies were tied, the words assigned 
to the LR group were those for which me 
lag between the current presentation anc 
the next most recent was the longest. On 
a similar basis, the N words were sub- 
classified as LN and MN. 

In Figure 6 it is clear that recall of R 
words increases with negative accelera- 
tion to an asymptote, confirming the hy- 
pothesis about the improvement in re- 
trievability. On the other hand, Figure 7 
shows that the mean difference in recog- 
nition ratings between R words and N 
words steadily decreases as a function of 
trials, confirming the hypothesis about the 
degradation in list recognition. Thus, the 
interpretation of the results of Experiment 

as arising through the dissociation 


of retrieval and recognition has been 
confirmed, 
TOTAL R 
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of trials 
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as a function of trials. 


eel auxiliary hypotheses arising from 
. T theoretical position may also be ex- 
ead First, our model relates improve- 
dat m retrieval over trials to the fact 
dus as "psum has more opportunities to 
ilie 4 anc learn associative paths to access 
c ora Therefore, those words best 
a | s should be those that have appeared 
effect pe prior lists—a simple frequency 
the E nspection of Figure 6 confirms that 
mirus frequently occurring words (rep- 
MN) ed in the curves labeled MR and 
were initially better recalled than the 
"OBS frequently occurring words (curves LR 
and LN). As retrievability approached its 
mer a level, the differences between 
: e and less frequently occurring words 
Üiminished, as is to be expected. These 
rg aie from a visual examination of 
tical js 6 are fully substantiated by statis- 
S analyses. 
ra gaid on the hypothesis that negative 
Paired we As the same word IS 
Predict eram list markers, one would 
Should ey Boss mean confidence rating 
those R words T et more correct) for 
he fewer hes o Tid a less frequently. 
a word, the more is markers associated to 
Negative transie Q^ it is, the less the 
Word — List z” as establishing the new 
association. Figure 7 


shows 14 trials over which a comparison of 
confidence ratings can be made between 
MR and LR words. Of these 14 compari- 
sons, 11 trials exhibit the predicted in- 
equality. To confirm the reliability of this 
difference, the mean ratings across these 
14 trials for the MR and LR words were 
computed for each of the 18 subjects. The 
difference in average ratings between the 
two types of words is highly significant 
(| = 4.41, df = 17, p < .001). This find- 
ing is all the more impressive when one 
realizes that just the opposite ordering of 
the MR and LR curves would be predicted 
on the basis of a strength model which 
relates recognition to frequency, recency, 
and duration of exposure. 

Considering the data at the top of Figure 
7, on 12 of the 13 relevant trials, the less 
frequent N words were better differentiated 
(have higher scores) than the more fre- 
quent N words. In other words, more 
frequently presented N words were judged 
as more likely to have been on the most 
recent list than were less frequently pre- 
sented N words. A ż test confirms the 
significance of this difference (/ — 3.31, 
df — 17, p « .005). It is not clear how to 
interpret this result. Perhaps it could be 
explained by the mechanism of generaliza- 
tion of contextual elements between lists. 
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The more prior lists in which an item has 
appeared, the greater the probability would 
be that one of the list markers associated 
would be mistaken as a list marker for the 
current list. The problem with the gen- 
eralization mechanism is that it would 
predict the opposite ordering of the MR 
and LR curves. To explain why the LR 
curve is below the MR we would have 
to make the added and unmotivated as- 
sumption that the negative transfer in list 
tagging outweighed the list generalization 
factor. In any event, the conclusion to be 
drawn from Figures 6 and 7 is that 
paradigm, retrieval is directly 
nition is inversely related to fr 
exposure. 


, in this 
and recog- 
equency of 


Model Testing 


In the introduction, we stated that the 
distribution of values for nonpresented N 
words on the scale of List i evidence is the 
normal f(x), but the distribution for the 
R words is the nonnormal f;(x) — a f (x) 
+ (1 —a)fu(x). A relatively simple test 
of this mathematical model is possible. The 
probability that a particular N word is 
rated with a confidence 
vides an estimate of the 
deviate corresponding 
point. In this way, 
words provide estim 


exceeding j pro- 
standard normal 
to the jth criterion 
the data from the N 


ates of the intervals 
between the five criterion points, A grid 


Search can then find the probability of 
tagging, a, and of the mean of the distribu- 
tion of tagged words, Hm, that will yield 
the best fitting distribution fi(x) for the R 
words. The best fitting parameters are 
those that yield predicted frequencies of 
the confidence ratings that deviate mini- 
mally from the observed frequencies as 
measured by a chi-square test. 

One could test the Statistical significance 
of the deviations between observed and 
predicted frequencies aS à goodness-of-fit 
statistic. However, a few large chi-squares 
may be expected even if the model were 
essentially correct because the estimates of 
the confidence intervals are only approxi- 
mate and are subject to random error. A 
fairer test of the model would find the 
minimum chi-square estimates of seven 
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free parameters, namely, the five daret 
points (for the confidence ratings), a, ant 
Hm. Unfortunately, the computing cost p. 
find seven parameters is many orders 0 
magnitude greater than the cost to a 
mate two parameters. So, instead of pm 
best absolute test of the model, we yi 
present a comparative test of the a 
We will compare our model with a plausible 
alternative theory, the traditional HE 
nition model that presumes that one normal 
distribution underlies words from the list 
and another underlies words not from ie 
list. (e.g., Parks, 1966; Wickelgren = 
Norman, 1966). Since that model assumes 
that the two distributions have the aa 
variance, the grid search needs only to esti 
mate the mean of the likelihood iu iain 
for R words, d’. The value of d' woule 
characterize a memory-operating charac- 
teristic in the traditional signal-detecta- 
bility analysis. er 

The test proposed is impossible for Ir 
1 because there are no N words recalled ; 
also not enough N words were recalled. 0n 
Trial 2 to provide reliable estimates of the 
intervals between the criterion points: 
Therefore, comparisons of our model with 
the traditional one will be confined 1n 
Trials 3 through 15. Table 1 presents fo! 
these trials the estimated values of the 
criterion points (€i,€2,€3,€1,C5), a, pp, and d 
às well as the chi-square measures for devia- 
tions of our model and of the traditional 
signal-detectability model. For every trial, 
the predictions of the traditional signal- 
detectability model lead to large chi- 
Squares, while the assumptions of ou! 
model results in smaller chi-squares. Only 
4 of the 13 chi-square totals for our model 
are significant at the .05 level. Notice 
that as predicted by the principle of nega- 
tive transfer, there is a decrease across 
trials in a, the probability of successfully 
tagging (associating) a word with a list 
marker. Using the weights suggested by 
Abelson and Tukey (1963) to test for 
Monotonic trend, the decrease in a across 
trials is found to be highly significant 
(F = 24.32, df = 1/11, b«.00). Al 
though less obvious, there is also a mar- 
ginally significant decrease in the value of 
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TABLE 1 


PARAMETER E 
METER E ; T " 
& ESTIMATIONS AND CHI-SQUARE DEVIATIONS FOR THREE MATHEMATICAL MOobELs 


Trial i Criterian points Traditional model Proposed model Tadi model with 
[2] > | " 2 

CE €: | [2] € cs | d (arm 4) "T pa a äi us * 
3 » | 
1 2H "Aber |.82 | 260 | 25.30 342 444 | 238| .80 
8 | 160 "n 1.37 | L08 | .61 | 2.85 | 5413 3.63 | 375 | 240 | 4.39 
4E IERIECAE-IER db IE 3.08 3.58 | 234 | 3.72 
+) ee eee hee | ee ee 20.99 2.38 2.68 | 148 | 15.26 
| gos | | | IET e| Sae] S07 | 2.98 344 | 1.83 | 4.26 
9 175 1.44 | 1.23 | 1.08 | .47 | 1.86 3 2.54 2.34 | 1.82 1.15 
10 | 1.88 144 | 1,10 | .93 | .37 | 2.05 | 2.81 3.09 | 2.14 | 10.43 
11 | 164 148 | 1.10 | .86 | 40 | 1.95 2.91 2.77 | 2.17 | 2.30 
HELENA E 47 | 1.67 2.37 2.05 | 1.64 | 9.76 
te | pen [res] 130 92 | 45 | 2.09 2.99 2.93 | 2.31 | 12.57 
1 e | 1.34 | 1.04 | 64 | .11 | 1.62 2.34 2.02 | 1.72 | 66 
ne 44 | 123 | .90 | .63 | 35 | 145 2.27 1.79 | 1.60 | 4.15 
5 | 1.64 | 1.34 | .97 | .66 | 40 | 1.51 2.69 197 | 215 | 5.60 


Hn (F = 614, df = 1/11, p < .05). This 
decrease in the distance between the dis- 
tributions f, (x) and /,(x) may reflect 
Increasing confusion between the list marker 
Írom the most recent trial and list markers 
from earlier trials because of the general- 
ization of contextual elements. 

Perhaps a more appropriate alternative 
model would be the traditional signal- 
detectability theory with the variance of 
the distribution for R words as a free pa- 
Tameter to be estimated from the data. 
This model has the advantage of equaling 
Ours in the number of estimated param- 
eters. The fit of this expanded model is 
shown in the last columns of Table 1, 
Showing the estimates of d' and c; the 
mean and standard deviation of the f;(x) 
distributions. In terms of goodness of fit, 
there is little basis to choose between this 
model and ours. This outcome was not 
entirely unexpected. Inspection of Figure 

shows that the likelihood distribution 
nd s eoa sufficiently normal to 
irs e a cult the discrimination between it 
y ba oe normal distribution predicted 
AR ae for the R words. 
WES of T edge Me: with an aver- 
"dier m ^s istri butions. There is 
Word becat stribution f:(x) for every 

t ause each word has appeared in 
a different set of li aS 
ists and therefore has 


a different amount of negative transfer 
associated with it as a stimulus. The 
average of these many individual distribu- 
tions will be considerably more normal than 
any of its constituents. 

It is pertinent to examine the changes in 
the parameters c; and d’ across trials for 
this version of the traditional ¥ signal- 
detectability recognition model. The esti- 
mates of d’, the distance between the means 
of the distributions, show a fairly consistent 
decrease across trials. One difficulty with 
this traditional signal-detectability model 
is that it provides no theoretical base from 
which one might predict this decrease in 
d'. Also, the parameter c; is fluctuating 
erratically from trial to trial. These fluc- 
tuations are probably a consequence of the 
minimum chi-square estimation procedure. 
Occasionally, events with low theoretical 
probabilities will have frequencies that are 
considerably deviant. The estimation pro- 
cedure gives considerable weight to such 
deviant low-probability events. In an at- 
tempt to minimize deviations of predicted 
from observed frequency for such an event, 
the predicted distribution can be markedly 
altered from one trial to the next. 


Discussion of Experiment TII 


The results of Experiment IHI showing 


an improvement in recall alongside a de- 
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cline in recognition, bring into sharp Vg 
the failing of the "threshold theory whic h 
relates recognition and free recall to a single 
theoretical construct, such as strength or 
familiarity. We have dissociated 
behavioral measures which th 
claims are coupled by i 
system. Such data, along with other argu- 
ments advanced in the introduction, r 
the threshold theory untenable 


two 


1, Our results increase the 
simple strength of famil- 
iarity theory of list recognition. The basic 
at the sub- 
mbership of 
le from that 
Both in Ex- 


came quite 
And yet, as 
demonstrate, the subjects 


derable ability to r 


ecog- 
nize (discriminate) Rw 


ords from N words. 
ied only moderately 
1 item's presentation 
being discriminated, 
ne might Suppose that this R versus N 

could be effected by a 
rapidly decaying "short-term" strength 


attached to items, such that only items in 
the most rec. 


exceeding But this 


which Subjects not 
abeled the N 
on the most 
items being 
vast pool of known 
nouns j ject’s long-term 
memory which 4 
the experiment? lestions, and the 
Several others Posed j i 
Overstrain and discredit 
or familiarity assumptions ah 
nition. In Place of sim 
Propose that subjects us 
"list. markers” for indexing the lists 
Which an item has 

One piece of e 
upset the picture 
three experiments 
study 


vidence that 
established | 


comes from 
reported by Ehrlich 


appears to 
Py the first 
a free recall 
(1970). He 
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gave his subjects 10 trials of irge er 
learning on a 20-word list. By the te of 
list, recall had reached a near maama a 
19 out of 20. Then the subjects y 
switched to a series of 10 single-trial s 
recall trials on semirandom subsets of jr 
original set of 20, much in the mana 
Experiment I. Since retrievability for i 
set of 20 had apparently asymptoted, Ms 
might expect to sec a continuous decay a 
the number of words recalled as a ie 
quence of the build-up in negative trans “al 
for list identification. However, the i 
of recall remained constant over the 10 kn ig 
lists in Ehrlich’s experiment. It is possi ie 
that over the initial 10 trials on the who 
list in his experiment, negative transfer Mee 
have reached its asymptotic level, and bary 
there would be no more deterioration in t 
list-tagging process over the last 10 dn 
on the part lists. By the fifteenth trial T 
our Experiment I, subjects had seen gore 
word in a mean of 7 lists; by the first par | 
list trial of his experiment, subjects had 
Seen each word in 10 lists, 

The point is that we cannot expect the 
decay in recognition to continue forever. 
f our experiment had been extended p 
more trials, Tecognition performance would 
surely decay eventually to some asymptotic 
level. The two facts that both iei ge 
bility increases to an asymptotic level and 
that Tecognition also decreases to an asymp- 
tote implies that the phenomenon of a » 
and fall in recall found in Experiments 
and III is in reality a rather delicate mat- 
ter. It depends on retrievability P 
faster than recognition deteriorates, bu 
asymptoting sooner, In a pilot attempt to 


replicate Experiment III with altered 
Procedures (more time 


rating scale, different s 
We replicated 
played by F 
recognition dj 
ever, the quadrati 


n recall) was relatively slight 
ant statistically. 


EXPERIMENT IV 
Our model 


assumes that the processes 
underlying re 


ae Md e 
Cognition in free recall ar 
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identical to those processes which underlie 
performance in a pure recognition task. 
However, evidence has not yet been pre- 
Sented to support this assumption. The 
next experiment does this by examining 
Pure recognition performance with the 
pu 15 lists that were used in Experiments 
vienen: If our negative-transfer as- 

n 1$ correct, we should find the 
Same deterioration in recognition with fre- 
quency of presentation as was obtained in 
Experiment II. 


Method 


as jie identical sequence of 15 lists were presented 
testis Xperiments I and III, but with two different 
i ng methods. For the first test method, im- 
1 nediately following the presentation of the list on 
any trial, the subject had to add mentally 15 single- 
‘sit numbers presented at a two-second rate. This 
Manipulation was intended to prevent the subject 
rom recognizing any test word from his short-term 
Memory (see Anderson, 1972). The list marker 
theory of recognition only applies to items not in 
short-term memory at the time of testing. In 
FRAN, any item still in short-term memory at the 
time of testing is, of course, assured of perfect recog- 
nition, After this summation task, the subjects 
Were given a shect li ting the master set of 32 words 
and they were to rate on a 1 to 8 scale the subjec- 
tive likelihood or confidence that each word had 
cen on the most recent list. In this experiment, 
a high rating indicated that the subject thought the 
Word very probably was on the most recent list, and 
a low number indicated that it very probably was 
Not on the most recent list. 


2.0 


3.0 


4.0 


5.0 


MEAN CONFIDENCE RATING 


6.0 
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For the second test method, the subject was 
shown the test items one at a time slide-projected 
ata five-second rate. The subject rated the items on 
the same 8-point scale as in the first test method. 
These two different methods of test were used to 
insure the generality of the results. The second 
method corresponds more to how we postulate that 
recognition happens in free recall—that is, the sub- 
ject must judge one word at a time. However, there 
is no compelling reason to expect differences between 
the two methods, Thirty-one subjects (15 males and 
16 females; 18-32 years old) participated in this 
experiment as partial fulfillment of a requirement 
for the introductory psychology course at Stanford. 
They were run in groups ranging in size from 5 to 
10. Twenty subjects were tested by the first test 
method, and 11 by the second test method. Two 
subjects tested under the first test method were 
eliminated from the analysis because of incorrect use 


of the recognition scale. 


Results 


No systematic differences appeared in 
the confidence ratings as a function of the 
method of test, so only the pooled results 
will be presented. Figure 8 presents the 
mean confidence ratings for the different 
types of words across trials. Note that the 
confidence scale in this experiment was 
reversed from Experiment II] in that in this 
experiment high numbers mean the subject 
thought the word was on the most recent 
list. Also an 8- rather than a 6-point con- 
fidence scale was used. It does appear 
that the mean difference in rating between 


7.0 


Fic. 8, 


TRIAL 


Mean rating of the words in Experiment IV as a function of trials. 
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the R words and the N words decreases 
across trials. On Trials 1-5, the mean 
difference is 3.31; on Trials 6-10, it is 2.92; 
on Trials 11-15, it is 2.65. A test for a 
monotonic decreasing trend in the differ- 
ence between the R and N words is highly 
significant (t = 6.10, df = 13, p< -001). 
However, the deterioration in recognition 
displayed in Figure 8 is not as dramatic as 
that in Figure 7 from Experiment III. As 
in Experiment III, those words presented 


less frequently (represented in the curves 
LR and LM) are the more 


accurately iden- 
tified. Thus we have replicated the find- 
ings of Experiment III with respect to 
recognition. 

From the data of this experiment, we 
can discover what free recall would be like 
in an experiment in which retrieval was 
perfect from the start but recognition was 
still subject to deterioration through nega- 
tive transfer in the list-tagging process. 
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Retrieval is perfect because the experi- 
menter provides the subject with all the 
words; the subject needs only to decide 
which came from the most recent list. 
Figure 9 indicates the sort of free recall 
data that would obtain under the circum- 
stance of perfect retrieval. Here we have 
the number of R words rated 7 or 8 and 
the number of N words rated similarly. 
These may be taken to represent the 
number recalled and the number intruded 
in the hypothetical circumstance. We ie 
also plotted in Figure 9 the corrected recal 
obtained by deducting intrusions from 
recalls. Figure 9 is to be compared with 
Figure 3 from Experiment I and Figure ? 
from Experiment III. As we would predict, 
since “retrieval” js asymptotic from the 
Start, there is a rather dramatic decline d 
"recall" as negative transfer builds up anc 
impairs the recognition component. 

Thus, it would appear that we may 
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analy conceive of recognition and list 
pg es ie experiments in paired-associ- 
me ums in which each word serves as the 
: xd Stimulus and the List 7 marker 
rM BONN response. This functional 
E s iu eads to implications regard- 
: g negative transfer and retroactive and 
iir ii inhibitions. This experiment has 
mi T shown negative transfer may be 
C dps in a list discrimination task. In 
mg qud bR Anderson (in prepa- 
T = er data will be reported to 
inhibits lat retroactive | and proactive 

1bition can also be obtained in a similar 
design, 

GENERAL DISCUSSION 


"d will mention several conceptual puz- 
egarding recognition memory which 
May have a viable solution within the 
Tamework of our theory. It should be 
Stressed, however, that the theory was not 
Constructed to account for these pheno- 
rua: they are rather in the form of after- 
i ghts. They will be given a more 
Complete analysis in a forthcoming paper 
of G. H. Bower and J. R. Anderson. 


Purt-Whole Negative Transfer 


tie notion we have developed of nega- 
» transfer in the tagging of items in 
lultiple lists may help to explain the 
pagaling phenomenon of negative transfer 
Part-to-whole or whole-to-part studies of 
ree recall (see Tulving, 1966; Tulving & 
sler, 1967). A subject pretrained with 
Lm of a free recall list will subsequently 
arn the whole list more slowly than a con- 
trol Subject pretrained on an irrelevant list 
Ming receiving the whole list. The diffi- 
im y Is largely localized in the very poor 
iter ovement in recall of old (part-list) 
Dien (see Bower & Lesgold, 1969). This 
a. a would be predicted if there were 
marker { transfer in associating à. List 2 
a fumber, DEI previously associated to 
recall ein Ker 1 markers, and if whole-list 
tag pitt atta ess and edited for a List 
fore they wen to the candidate items be- 
Part-list ite e overtly recalled. Thus, 
is fo ms previously associated to a 
ag would acquire List 2 tags more 
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slowly and would thus be frequently edited 
out from free recall. This outcome hinges 
critically on the experimental subject not 
being aware that all part-list items are con- 
tained in the whole list. If he were to be 
informed of this fact, then there would be 
no list discrimination problem, and the 
monitor would recall any candidate item 
retrieved having either a List 1 or a List 2 
tag associated to it. Thus, informed sub- 
jects should give only positive part-to- 
whole transfer. This is indeed the case, as 
has been found by E. Tulving (personal 
communication, 1971). 

According to this analysis, the negative 
transfer in part-whole experiments is oc- 
curring in the recognition phase of free re- 
call and not the retrieval phase. In fact, 
the theory expects negative transfer if the 
subject went from study of a whole list to 
more study on the selfsame whole list— 
provided he was led to believe that the 
first and second lists contained some differ- 
ent items. This result is precisely what has 
been found by R. M. Schwartz and M. S. 
Humphreys.” 


Associatively Related False Alarms 


The theoretical location of /,(x) relative 
to fm(x) in Figure 2 may provide a means 
for rationalizing the effects on recognition 
memory of similar or associatively related 


distractors. It is well known that such 


related distractors elicit more false-positive 
recognition judgments than do unrelated 
distractors. We may conceive of this as 
mediated recognition. Although the test 
item may not be directly marked, it may 
call to mind an associated list word which 
was marked, and on the basis of that evi- 
dence the subject may infer that the test 
item was on the list. 

This indirect evidence, from mediated 
recognition, is available not only for related 
distractors but also for unmarked list items. 


Recall that during list study, it is presumed 
searching out and mark- 


that the subject is 
ing associative pathways linking list items. 
Humphreys. List 


3 R, M. Schwartz and M. 5. z 
all. Unpublished 


differentiation in part-whole free rec: 
manuscript, 1971. 
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Hence, a list item may have several as- 
sociative paths marked to other list items 
without itself being marked, Because 
mediated retrieval of a list marker can oc- 
cur for either unmarked list words or as- 
sociatively related distractors, it is of only 
partial reliability as evidence for list mem- 
bership of the test item. 

What the subject does with such indirect 
evidence will probably depend on the test- 
ing situation. For example, in multiple- 
choice tests, the subject would doubtless 
choose a directly marked test word in 
preference to a mediately marked test 
word; but he would also choose the latter 
over distractors having neither direct nor 
mediate list markings. For single stimulus 
or yes-no tests, allowing for mediated 
retrieval of list markers is equivalent 
mathematically to adding a constant C 
to the “List 7 evidence" scores for all items 
that have marked associations to items 


that can be independently identified as 
list members, 


added to marke 
items, and associatively rel 


ance on perfor- 
he nature of the 


rmance on 
ords tested against es- 
ated distractors, Compared 
to that control, recognition would be higher 
for a list of highly interassociated items 
(e.g., members of one taxonomic category) 


ast unrelated dist ractors. 


to what Kintsch (1968b) 
recognition” 


» by a 
same time shift- 
(x) for the unrelated 


constant C without at the 
ing the distribution fs 
distractors, 


On the other hand, consider the case 
when all the distractors are in the same 
category (or categories) as the study items; 
then f;(x) and f(x) would both be shifted 
up the scale by C. This is because in 
either case an unmarked test word of the 
category is likely to elicit highly associ- 


ated words of that Category which are 
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marked. The result, then, would be no net 
change in d' or the overall recognition per- 
formance, as Kintsch (1968b) reported. 
In this sense, associative or categorical 
"organization" of the study list will affect 
recall but not recognition against seman- 
tically related distractors. ) 

If the recognition test series contains 
à mixture of semantically related and un- 
related items, then the subject is essentially 
dealing with three distributions having 
respective means of yi + C for old items, 
Hu + C for related distractors, and Bu for 
unrelated distractors. Since the decision 
model supposes that the subject selects 
a single, item-independent criterion for 
making his yes-no recognition judgments, 
the expected outcome is a higher false- 
alarm probability for related than for un- 
related distractors. f 

Returning to the earlier discussion of 
differentiation from unrelated distractors, 
the importance of list-mediated recognition 
will depend on the average probability of 
retrieving indirect list evidence for an un- 
marked list item during testing. That 
probability will depend in turn on the 
average degree of interitem associations 
established by the list-studying conditions. 
For example, if free classification of a set 
of items into more tightly packed categories 
improves free recall (Mandler, 1967), then 
the number of categories should also have 
à significant (though smaller) effect on list 
recognition against unrelated distractors. 
Mandler, Pearlstone, and Koopmans (1969) 
have reported such results; following free 
classification, later recognition performance 
(mainly hit rate) improved linearly with 
the number of categories into which the 
subjects had sorted the items. 

Mandler et al. Proposed a “retrieval 
check” hypothesis to explain their correla- 
tion between recognition and the number 
of categories, That hypothesis assumes 
that an item not recognized immediately 
may be recognized indirectly because it is 
recallable from one or another retrieval cue 
for the list, Our account is similar: A 
test item not associated directly to a list 
marker may be recognized because it 
elicits associates which do have associated 
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list marker 
to mend penned et al. would seem 
item | ipee d A 3 associations fo the test 
Whereas oir oP ist items or retrieval cues, 
Dothesis en, Mie ten recognition" hy- 
tions, The ae the reverse associa- 
Cult to distin wo views would appear diffi- 
guish in practice. 


Distinguishi 
nguishing Implicit Responses 


of nde criticism of familiarity theories 
Or editin a is that they provide no basis 
Subjects ee implicit responses that 
time of test " M the list items, since at the 
equated m fni two sets of items would be 
recency, TI npe of their frequency and 
dandle suc] 1e present approach could 
Subject ha a matters by supposing that the 
Vill try t as control over whether or not he 
tems dei assoerate an item toa list marker. 
ing that vat en by the experimenter dur- 
j" ead eife bi block denoted as List 
Items E Tp which associate the 
responses ; ist 4 markers. But implicit 
S not 6i discriminated at the time and 
Associate oe any processes designed to 
alternati t iem to List i markers. An 
nism whisk dnd more satisfying mecha- 

at the ch achieves the same end assumes 
as one of mut associates with the item, 
its Eduro he prevailing contextual elements, 

n this j^ (the experimenter or the subject). 
able to atter view, the subject might be 
recall I an item that helps mediate 
able "s Im list items. and have avail- 
Word ius urther information that (a) this 
(b) it Scalig in the context of List 7, and 
ject Wes an implicit associate of the sub- 

' not provided by the experimenter. 


Py, 
€ P 
quency Estimates 


velo tough the marker model was de- 
t would id handling list differentiation, 
Count d also to give a usable ac- 
Judgmentg Dena d estimates, that 1s, 
imes a test po memory of how many 
Context, A cur appeared in an earlier 

prototypical experiment is one 


?y Und 3 
(1971) RA Zimmerman, and Freund 
list co ich the subject studied a long 


mposed 
Posed of words that individually ap- 


Peared ei 

eithe 
ther one, two, four. ór six times 
J ols = 


121 


scattered throughout the input list. Dur- 
ing a later test series, they judged from 
memory how frequently a given word had 
appeared. This is obviously an extended 
recognition memory experiment, since a 
"zero frequency” judgment is equivalent to 
nonrecognition of the item, whereas a non- 
zero frequency judgment corresponds to 
recognition of the item. 

Our model can keep track of item fre- 
quency by counting the different list mark- 
ers associated to the item. Each time an 
item is presented in the context of List 7, 
there is probability a that it becomes as- 
sociated with a List i marker. Let Min 
denote the number of List 7 markers as- 
sociated to an item presented z times in 
List i Then Mj; has the binomial dis- 


tribution given by 
Pri Min = x} = () o*(l-ay-* [1] 
x 


The mean of M;,, is na and the variance is 
na(1 — a), both increasing linearly with 
the number of presentations of an item. 

A plausible hypothesis is that the subject 
judges the frequency of occurrence of a test 
item in List 7 by some transformation of 
Min, the number of test markers associ- 
ated to that item. The simplest mapping 
from M;,, to a frequency judgment Fi,n is 
a linear transformation, namely 


[2] 


This relation would predict a linear func- 
tion relating the mean frequency estimate 
to the number of presentations, a result 
reported by Underwood et al. (1971). 
Furthermore, the variance of the frequency 
estimates should increase linearly with the 
number of presentations; this prediction is 
approximately borne out in the Underwood 
et al. data. 

This model may be elaborated to predict 
an effect of forgetting on frequency esti- 
mates. By whatever mechanism one 
adopts, forgetting surely produces a loss 
of discrimination between items presented 
varying numbers of times. A simple 
realization of this in the mathematical 
model is to assume that each association, 
established during study between an item 


Fin = 0 Fb Min. 
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and a list marker, hasa probability 1 — fi 
of being retained over an interval of dura- 
tion ¿4 Therefore, as time increases, the 
distance between M; and M;., would 
shrink. This could appear in the data. as 
à decrease in the slope of the line relating 
mean frequency judgments to actual fre- 
quency. This prediction is upheld by the 
Underwood et al. data plotting the 
judged versus the actual frequencies at 
retention intervals of a few seconds, one 
day, or seven days after study of the list. 


average 
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processes. As an example, any language 
spoken at a normal intensity is easily de- 
tected but impossible to understand with- 
out the appropriate knowledge in long-term 
memory. Similar to visual masking 
(Haber, 1969; Kahneman, 1968; Raab, 
1963), the auditory masking literature also 
supports the distinction between detection 
and recognition. 


Auditory Detection Masking 


A number of studies have been c. 


arried 
out studying backw. 


ard masking of audi- 
tory detection (Deatherage & Evans, 1969; 
Elliot, 19622, 1962b, 1967; Homick, Elfner, 
& Boothe, 1969; Raab, 1963; Samoilova, 
1959). For example, Elliot (1967, Experi- 
ment I) employed a backward masking 
paradigm to study the development of 
auditory frequency contours. Durations 
of 10 and 100 milliseconds (msec.) were 
used for the test tone and masking noise, 
respectively. The steady-state level of the 
masking noise was 70-decibels (db.) sound 
pressure level (SPL). Thresholds for the 
detection of the test tone were computed 
at backward masking intervals of 10 to 
100 msec, Backward masking decreased 
with increases in the masking interval. 
Very little masking was observed when the 
masking noise followed the test tone by 
100 msec. 

Elliot's (1967) results 
a number of recent dete 
periments (Deatherage & Evans, 1969; 
Homick et al, 1969). The results indicate 
that a loud masker occurring within 100 


are supported by 
ction masking ex- 


msec. of a test stimulus presentation in- 
creases the detection threshold of the test 
stimulus, 


Further, the detectior 
is inversely related to the dur; 
silent interval between the tes 
ing stimuli, However, 

backward masking do no 
vide evidence for a 

Store. Rather, the r 
overtake the test st 


pathways  decreasir 


1 threshold 
ation of the 
t and mask- 
these studies of 
t necessarily pro- 
preperceptual auditory 
masking stimulus could 
imulus in the auditory 
ng the signal-to-noise 
ratio and, therefore, decreasing detection 
performance. In detection masking studies, 
the masking stimulus is much louder than 
the test stimulus. The question of interest, 
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then, is how the loudness of a stimulus re- 
lates to the time it takes to be detected. 
McGill (1961, 1963) has demonstrated an 
inverse relationship between stimulus loud- 
ness and simple reaction time. Assuming 
that simple reaction time to a tone contains 
independent detection, decision, and re- 
sponse components (Donders, 1969; Stern- 
berg, 1969), stimulus loudness should only 
affect the detection component, Therefore, 
it is reasonable to account for the decision 
and Tesponse components and to measure 
relative detection time as a function of 
stimulus loudness, F 
McGill (1961) presented a subject with 
a 1,000-hertz (Hz.) tone of various random 
intensities in a simple detection task. 
McGill's data indicated that increasing the 
amplitude of the test tone from 30- to 100- 
db. SPL decreased the median reaction 
time from 216 to 120 msec. This differ- 
ence, which represents differences in detec- 
tion time, approximates 100 msec, which is 
exactly the value usually found as the effec- 
tive duration of backward detection mask- 
ing. Therefore, the temporal course of 
backward detection masking could be equal 
to the difference in the detection times of 
the test and masking stimuli. If the mask- 
ing stimulus overtakes the test tone in the 
auditory pathways, the difference in reac- 
tion times to the test and masking stimuli 


should equal the temporal course of back- 
ward masking, 


Most quantitative studies of backward 


detection masking have employed test tones 
and masking noise as stimuli. Simple re- 
action times to noise of a certain intensity 
May not equal that of a tone of the same 
intensity, Keeping this in mind, it still 
may be helpful to interpret the effect of 
backward masking in terms of the detec- 
tion times given by McGill (1963). 
Homick et al. (1969) studied backward 
masking of a tonal Signal as a function of 
the intensity of the masking noise. The 
results indicated that increasing the mask- 
ing noise from 70-db. to 90-db. SPL in- 
creased the temporal course of backward 
masking. For example, the 90-db. masker 
produced about the Same amount of mask- 
ing as the 70-db. masker if the 90-db. 
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Mask P 
rm delayed an extra 20 msec. 
test iral Ü P bsp could detect a given 
n ph there was silent interval of 
oc um the 70-db. masking noise. 
subjects p |a masking noise of 90 db. 
needed a silent interval of 50 


msec, : A s 
a ne ES correct detection of the test 
Td. jl \ccordingly, it is possible that the 

: Noise takes about 20 msec. longer to 


be a - 
iue ian the 90-db. noise. McGill's 
tones su ie en times to 70- and .90-db. 
jects Pre this. It took McGill s sub- 
response cis msec. longer to make a simple 
tone, The a 70-db. tone than to a 90-db. 
ward dengan results _indicate that back- 
second c» ons masking occurs because the 
test stim ^ SHE stimulus overtakes the 
noise tali us and decreases the signal-to- 
136 ratio, 
Aes results of backward detection mask- 
not provide evidence for the existence 
present Perceptual auditory store. The 
tion med pretation of backward detec- 
i ferent TE must now be reconciled with a 
Masking gr nem of forward detection 
las Mee Lr ward masking of detection 
iffexent ien demonstrated in a number of 
Evang Tn bg aae (Deatherage SN 
,. ns, 1969; Elliot, 1962a, 1962b; Homick 
196913 Mts Although Elliot (1962a, 
Tele quie less forward masking than 
ound p masking, llomick et al. (1969) 
as baale S least as. much forward masking 
ket i masking. It was argued that 
cause n detection masking occurs be- 
test sti le masking stimulus overtakes the 
ratio Ear decreasing the signal-to-noise 
be "t E forward masking, this cannot 
US ig Case since the louder masking stimu- 
ieee first and would be detected 
ing Stn le test stimulus. Since the mask- 
lone ig ulus is terminated before the test 
Place wee no masking should take 
ing siml an auditory image of the mask- 
Forward pn its presentation. 
y Sumir that & can be accounted for 
asts the elt an auditory image out- 
‘esults that mil stimulus presentation. 
Vide direct d vill be presented later pro- 
iape Le emons 
ge th 
Presented 


V ee trations of an auditory 
; pen after a stimulus is 
results also indicate that 
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the auditory image that outlasts the stimu- 
lus does not differ qualitatively from the 
image during the stimulus presentation. 
Therefore, the auditory image of a forward 
masking stimulus should interfere with de- 
tection of a test stimulus in the same way 
as a simultaneous masking stimulus (Green 
& Swets, 1966). Accordingly, a. forward 
masking stimulus interferes with detection, 
since the auditory image of the masking 
stimulus decreases the signal-to-noise ratio 
of the test stimulus. 

Erikson and Johnson (1964) have been 
credited with demonstrating that pre- 
perceptual echoic memory might last as 
much as 10 seconds (sec.) (Bryden, 1971; 
Neisser, 1967). Erikson and Johnson 
(1964) presented subjects with a barely 
detectable tone while they were engaged 
in reading a novel. The reading light was 
turned off either simultaneously with the 
tone or from 1 to 10 sec. after the tone 
To keep the subjects honest, 


presentation. 
t times when 


the light was also turned off a 
no tone had been presented. At the offset 
of the light, the subjects had to report 
“whether or not the tone had sounded some- 
time within the last 10-15 sec. [p. 301^ 
The results indicated that the ability to 
report whether a tone had been 


correctly 
creases in the 


presented decreased with in 


tone-test interval However, subjects 
could still reliably report a tone presenta- 
Neisser 


tion 10 sec. after its presentation. 
(1967) concludes from these results that 
“If we assume that attention to the novel 
precluded any encoding the of ‘beep’ we can 
infer that recall in this procedure must have 
been based on echoic memory alone [p- 
204]." 

However, Neissers (1967) assumption 
cannot be justified and probably could 
easily have been disproved by Erikson and 
Johnson's own subjects. A phenomeno- 
logical report could have indicated whether 
subjects noticed the tone when it was pre- 
sented. Furthermore, at the offset of the 
light did they search for an auditory image 
or for a recent awareness or covert identifi- 
cation of the tone presentation? As 


Massaro (1970b) points out, the recall 


decision might have been based on memory 


128 


for the covert identification rather than on 
storage of the preperceptual image. Fortu- 
nately, one of the experimental conditions 
helps resolve the issue. Introducing a rov- 
ing frequency tone sometime after the tone 
presentation did not decrease accuracy of 
report. In contrast, the masking results 
discussed below indicate that preperceptual 
store is easily disrupted by subsequent audi- 
tory inputs. Therefore, the reports of 
Erikson and Johnson’s subjects were not 


based on a Preperceptual image present at 
the time of the test. 


Forward and b. 


ackward detection mask- 
ing studies do no 


t provide direct evidence 
for the existence of à preperceptual audi- 
tory store, Furthermore, since most audi- 
tory inputs outside the laboratory are easily 
detected, the detection masking studies are 
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course of processing auditory information 
only if the masking stimulus terminated 
Processing of that information rather than 
prevented the detection of that information. 
For example, a second input in speech does 
not prevent detection of the first, but could 
terminate the perceptual processing of the 
first. This phenomenon would be similar 
to one in vision in which an eye movement 
while reading is sufficient to erase the earlier 
Pattern. As in vision, the detection mask- 
ing paradigm is not appropriate for study- 
ing the temporal course of auditory identi- 
fication or recognition, Accordingly, a 
recognition masking task was devised to 
determine the properties of the auditory 
information Storage system and to quantify 
the temporal course of processing auditory 
information (Massaro, 1970b, 1971). 


Auditory Recognition Mask ing 


In the recognition paradigm, the sub- 
Ject first learns to identify or recognize 
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Eeee more test signals, For ep te 

ing in te D two short tones differ- 

identify the higt = es ^ BA m M 

lower tone as je ier tone as high and the 

ing eee ow. In the backward mask- 

Presented - i Orie of the test tones is 
joie Maece Ae ae interval 

masking a tone. The test and 

rim = E are presented at the same 

not Seed : iat the masking stimulus vill 
bestia. ne the test tone as in backward 

Mase, masking studies. 

Sit eres MAIORI presents an experiment 
n this onera as a prototype lor discussion. 
iiec, Y, one of two pure tones (a 

Disente - wave of 770 or 870 Hz.) was 

identity i and the subjects task was to 

tively m tones as low and high, respec- 

820 Hz ite masking tone was equal to 

db. The All tones were presented at 81 

0, 20 "s es intertone interval lasted 

The ste da 0, 160, 250, 350, or 500 msec. 

Finca nk tone lasted 500 msec. 

Bulitems 1 shows that for each of the three 

ance jq m the task, recognition perform- 

cme PRU with increases in the silent 

a interval up to 250 msec. F urther 

NN a in the silent interval beyond 250 

nition , id Lin significantly facilitate recog- 

Aran ormance. These results provide 

fory nation about the preperceptual audi- 

ibi, Ee of the test tone, the vulner- 
y of the auditory image to new 1m- 
rc and the temporal course of recogni- 

20 v Given that the test tone lasted only 

haye sec., some preperceptual image must 

“ve remained for perceptual processing 

atie wet to improve recognition perform- 

aes increases in the silent intertone 
the bes Ds This same result indicates that 
posi tt tone terminated perceptual 

Eo o ks image. Since recognition 

the ima, e esit off at about 250 msec.. 
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Differences between Detection and Recognition 

Masking 
A number of comparisons indicate that 
the backward masking observed in the 
recognition paradigm reflects different proc- 
esses than those assumed to operate in 
detection masking. First, Elliot (1967) and 
Homick et al. (1969) have shown that the 
amount of backward detection masking is 
dependent on the frequency similarity © 
the test tone to the center of the masking 
noise. The results indicated that at all 
masking intervals, increasing the similarity 
of the narrow band masking noise to the 
test tone increased the total amount of 
masking. This result agrees with the 
at the masking stimulus in 


assumption th 
detection masking decreases the signal-to- 


noise ratio. Simultaneous masking results 
also indicate that increasing the similarity 
of the test and masking stimulus decreases 
detection performance. In contrast, Mas- 
saro (1970b) found that the disrupting 
effect of the masking tone was not depen- 
dent on the frequency similarity of the 
masking tone to the test tone. This result 
assumption that the mask- 
on task terminates 
the auditory 


agrees with the 
ing tone in the recogniti 
perceptual processing of 
image. 

Second, presenting the m 
tralateral to the test tone p 
not decrease backward masking in the 


recognition paradigm (Massaro, 1970b). 
This result indicates that the preperceptual 
auditory image is located centrally rather 
than at the peripheral level. In contrast, 
a dichotic stimulus produces very little 
backward masking in the detection para- 
digm (Deatherage & Evans, 1969; Elliot, 
1962a, 1962b). In agreement with simul- 
taneous detection masking (Deatherage & 
Evans, 1969; Fletcher, 1953), a dichotic 
masker does not reduce the signal-to-noise 
ratio and detection is disrupted very little. 

Third, although foward masking „de- 
creases detection performance significantly 
(Homick et al., 1969), Massaro (1970b) 
found no forward masking in the recogni- 
tion paradigm. It was concluded earlier 
that forward masking of detection was due 
to the decreased signal-to-noise ratio pro- 


asking tone con- 
resentation does 
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duced by the auditory image. In contrast, 
forward masking does not occur in recogni- 
tion, since the new image of the test tone 
terminates processing of the image of the 
masking stimulus. This occurs since both 
stimuli in the recognition task are equal in 
loudness. In contrast, the test stimulus in 
forward detection masking does not ter- 
minate processing of the image of the 
masking stimulus, since the test stimulus 
is much softer than the masking stimulus. 
The comparisons between detection and 
recognition masking show that detection 
masking is a phenomenon that is closely 
tied to the psychophysical processes operat- 
ing in simultaneous masking studies. 
Recognition masking, on the other hand, 
is closely tied to the temporal course of 
perceptual processing. 
The recognition m 
that a short tone | 
auditory ima: y 
Further, this image can be processed for 
correct identification. A second new stimu- 
lus interferes with perceptual processing 
Necessary for correct recognition. Two 
important questions raised by the recogni- 
tion masking results need to be answered, 
First, what is the nature of the image that 
remains after Presentation of 


asking results indicate 
presentation leaves an 
ge which decays very rapidly. 


a short 
auditory stimulus? Second, how does the 
masking stimulus interfere 


with perceptual 
Processing of the image? 


Preperceptual A uditory Images 


Using a Paradigm simil 


ar to one em- 
ployed by Sperling (1967) 


) | and Haber and 
Standing (1969) for visual stimuli, Efron 
(1970a, 1970b, 1970c) provides an an 


alysis 
ation of tones and 
In. this paradigm, subjects judge 
the temporal overlap between two stimuli 
presented sequentially. The subjects state 
whether or not the onset of the second in- 
dex stimulus (e.g., a light) occurred before 
the offset of the first auditory Stimulus. 
The interval between the offset of the 
auditory stimulus and the onset of the 
index stimulus is adjusted until 
perceives offset-onset simultanei 


of the perceived dur 
Noise, 


a subject 


ty. The 
independent variable of interest is the dura- 
tion of the first auditory stimulus. The 


Dominic W. Massaro 


results indicate that the minimal percep- 
tion of an auditory stimulus lasts about 
130 msec. Decreasing the duration of the 
first auditory stimulus below 130 msec. 
increased its perceived duration bya similar 
amount. For example, if the first noise 
burst lasted 30 msec., the subject did not 
perceive a temporal interval between its 
offset and the onset of the index stimulus 
until there was an interstimulus interval of 
100 msec. Efron's (1970a, 1970b, 1970c) 
results support the assumption of pre- 
perceptual auditory images. If a short 
tone produces an auditory image for pr 
ceptual processing, the subject should be 
able to estimate its duration. Finally, 
analogous to visual information processing 
(Haber & Standing, 1969; Sperling, 1960, 
1967), the auditory afterimage does not 
differ qualitatively from the image during 
the stimulus presentation. 

Plomp (1964) studied the rate of decay 
of auditory sensation in a two-alternative 
task. He presented a 200-msec. pulse of 
noise followed by another noise burst 
either immediately or after a silent inter- 


val. Given that a noise Durst produces an 
afterimage that decays over time, the sub- 
Ject should not 


notice a blank interval 
before softer burst of noise. 
Further, the length of the blank interval 
that goes unnoticed should increase with 
intensity differences between the two noise 
bursts. Plomp showed that a time interval 
of 2.6 msec. is noticed 75% of the time 
between two noise bursts of 65 db. In 
contrast, when the second noise burst is 
reduced to 15 db., the blank interval must 
be increased to 78 msec. to be noticed 75% 
of the time. This result indicates that the 
auditory image of the first noise burst de- 
Cayed to 23% of its original value in 78 
msec. The two-alternative task employed 
by Plomp controls for decision biases, 
Whereas Efron’s (1970a, 1970b, 1970c) 
Paradigm does not. Therefore, it seems 
necessary to employ Plomp's task while 
varying the duration of the first noise 
burst to provide another test of Efron's 
results that the duration of the afterimage 


is inversely related to the duration of the 
test stimulus, 


à second 
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Some Russ; A 
pum wpe studies have also provided 
mains alter a À uditory image that re- 
(Gol'dburt 1961) tort tone is presented 
that a SsBónd a . Gel dburt has shown 
ceived duration En pnan S aiten the per- 

ereed duc of an earlier short tone. 
creases witl uration of the first tone in- 
tween tl d increases in the silent interval 

Sites that m two tones. | This result indi- 

Apparent ane auditory image extends the 

tone, A m esentation time ol a short 

auditory cem tone can interfere with the 
duration ee and decrease the perceived 

halen ih t ne first tone. € ;ol'dburt (1961) 

tone decr ici that the effect of the second 

tion of cie with increases in the dura- 
analogous irst tone. This indicates that 

tandin s visual image (Haber & 
image n 69), the duration of an auditory 
the eti beg related to the duration of 

Percept n us producing the image. lf 
50 m processing usually takes about 

image hg therë would be no need for an 

of the ie sb ones if the presentation time 
ing the x us exceeds this value. Process- 
to be m. FOLILARQTE in the stimulus seems 
of the ve er to eliminate any afterimage 

V imulus presentation. 

Yni aoe (1971), simulating back- 
s or ona in concert halls, measured 
va Mni ai je ofa sound that was followed 

ife econd sound in a different location. 

vot resented a 1,000-Hz. tone for 35 msec. 

É a single speaker followed by a 1,500- 

ing tone over a ring of speakers surround- 

i If the second tone 

after the onset of 

one reduces the 
the 


is single speaker. 

the anes 60 msec. 

fone tone, the second t 

rst es duration and loudness of 
One. Von Békésy states, 


stimulus starts a 


But į 
if we assume that every 
haps 200 milli- 


Process ; 
hoot, in the brain which lasts perhaps 
able iF irat can make backward inhibition accept- 
inhibited rer suppose that this process can be 
interval Ey died moment during the 200-milli cond 

e onset of the second stimulus [p- 530]. 


T " 
19795 studies of Efron (1970a, 1970b, 
and von Beke. (1964), Gol’dburt (1961), 
auditory ima sy (1971) indicate that the 
Stimulus Te remaining after a short 
the image not differ significantly from 

present during the stimulus 
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presentation. A short auditory stimulus 
usually requires perceptual processing that 
outlasts the life of the stimulus. The audi- 
tory image remaining after the stimulus 
presentation contains the necessary infor- 
mation for perceptual processing. Since 
the afterimage does not differ from the 
image present during the stimulus, the 
subject mistakes the afterimage for the 
image that is present during the stimulus 
Accordingly, the subject 
the duration of a short 
the sub- 


presentation. 
overestimates 
stimulus. With a longer stimulus, 
ject has time to process the information 
available during the stimulus presentation 
and does not overestimate the duration of 
the stimulus. 

In a different approach to measuring the 
duration of preperceptual auditory images, 
Guttman and Julesz (1963) repeated an 
identical section of wide-band noise. The 
authors varied the duration of the section 
measured this effect on periodicity 
perception. It is difficult to judge whether 
this paradigm is appropriate for determin- 


ing the duration of preperceptual auditory 
the results and an in- 


and 


images. However, 
terpretation will be presented for com- 
pleteness. If a section of white noise is 


ove 19 cycles per second (cps), 
Between 
In 


repeated ab 
the periodicity is heard as pitch. 
4 and 19 cps, motorboating is heard. 
these two cases, the stimulus sounds smooth 
or homogeneous within a period. Although 
listeners can hear a whooshing in the range 
of 1-4 cps, an intraperiod roughness is 
heard. Which of these estimates qualify 
for estimating the duration of auditory 
If subjects perceive a change 


images? 
already syn- 


within a period, they have 
thesized some of the preperceptual image. 
Therefore, more than the preperceptual 
image is responsible for the perception o 
whooshing at 1-4 cps. The motorboating 
at 4-19 cps sounds homogeneous within 
a period. The duration of preperceptual 
images should be measured with the restric- 
tion that the noise section sound homo- 
period since synthesis has 


Employing this criterion, 
as the 


geneous within a 


not taken place. 
the results indicate 250 msec. 
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maximal duration for preperceptual audi- 
tory images. a 
Massaro (1972) has provided another 
demonstration that the auditory image does 
not differ qualitatively from the image 
present during the stimulus presentation. 
In the recognition masking paradigm, the 
question of interest was which variable 
predicts tone recognition best: test stimu- 
lus duration or processing time. Although 
increasing the duration of a tone had a 
slight facilitatory effect on identification 
performance, processing time was 
critical for accurate identification. 
with processing time 
creasing the duration o 
very little effect on identification perform- 
ance. On the other hand, 
processing time improved 
performance independent of the duration 
of the test tone. In terms of a perceptual 
Processing model (Massaro, 1970a), the 
rate of processing the information in a test 
stimulus presentation did not differ as a 
function of following a short tone presenta- 
tion by a silent period or by simply leaving 
the test tone on for the processing interval, 
Kahn and Massaro? have shown that the 
afterimage of the test tone must have 
acoustic properties similar to the image of 
the test tone presentation. They reasoned 
that it was logically possible that the mask- 
ing tone simply distracted the subject's 
attention and reduced recognition perform- 
ance. If masking was due to switching of 
attention, the Processing of a nonauditory 
stimulus should also function as a masking 
stimulus in the tone recognition task. To 
test this, light and 
ployed in the tone id 
subjects were 
dur 


most 
That is, 
held constant, in- 
f the test tone had 


increasing 
identification 


attend to the masking sti 
presented. 

Following the test tone with 
tone replicated earlier Studies 
that identification performance 


a masking 
indicating 


improved 
with increases in the silent intertone inter- 
*B. J. Kahn and D. W, Massaro. Backward 


recognition masking: Interference or sl 


hift of at- 
tention. Unpublished manuscript, 1971, 
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val. On the other hand, when the test tone 
was followed by a masking light, test tone 
identification did not depend on the inter- 
stimulus interval and was at an asymptotic 
level. The accurate identification of the 
duration of the masking stimuli indicated 
that the subjects processed the masking 
stimuli. "Therefore, these results support 
the conclusion that the auditory image is 
stored with the acoustic features of the test 
Stimulus presentation and these features 
are not lost by a simple switch in attention. 
A second auditory input 


recognition by interfering 
auditory 


interferes with 
directly with the 
information available from the 
earlier test stimulus presentation. . 
The results Support the first assumption 
that an auditory input produces a preper- 
ceptual auditory image that contains the 
information in the auditory stimulus. The 
image persists beyond the stimulus presen- 
tation and preserves its acoustic informa- 
tion. The second assumption is that the 
recognition process entails a readout of the 
information in the preperceptual auditory 
image. The recognition process takes time 
and is referred to as the temporal course of 
perceptual processing. The following dis- 
cussion provides an analysis of the time 
required for perceptual 


processing. 
Perceptual Processing Time 
An experimental paradigm has been 


developed to establish 
necessary to perceive 
of auditory items. 
Farmer, and Warren (1969) have shown 
that subjects need at least 300 msec. of 
each of four nonverbal stimuli for accurate 
perception of their temporal order when 
the items are repeated in a loop. 
perimental task involves identific 
a repeated se 


the minimal duration 
à repeated sequence 
Warren, Obusek, 


The ex- 
ation of 
quence of four successive 
sounds (e.g., high tone, buzz, low tone, and 
hiss). Although inexperienced subjects 
need much longer, experienced subjects 
Cannot accurately identify the correct 


temporal order unless each stimulus lasts 
at least 300 msec, 


The fact that four 
(Warren & Warre: 


vowels (Thomas, 


repeated digits 
n, 1970) or four repeated 
Hill, Carrol, & Bien- 


ee 
Ne 
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venid 07 
Korie A oan be recognized at much 
that there in i (125-200 msec.) suggests 
ences in lr Ma some qualitative differ- 
material. e e of speech and nonspeech 
et al. point or the other hand, as Thomas 
for famili: qe the time to reach a decision 
Pected iv) sounds (speech) would be ex- 
Wired for pe much less than the time re- 
‘or uniantiliar nonspeech. stimuli. 
required acy ol the processing times 
Material wl oe and _nonspeechlike 
ie., i eae controlling for familiarity 
Ported. Se has not been re- 
Dora] eee ES unlikely that. the tem- 
Je qualitati al panan recognition would 
Nonspeech we different for speech and 
Since if the familiarity and 
venta of the material are taken 

account, 
might bow of processing time in speech 
in normal ound in the duration of vowels 
150 ee which are in the range 
1964 S 50 mesc. (Fletcher, 1953; House, 
Changes in the pattern of sound pressure 
the in a steady state vowel repeats at 
ee e fundamental frequency 
lie vos i the extended duration 
infor e might be needed for processing 
keera op available in the vowel 
“rations on. Vowels at. much shorter 
Silent AME be identified if followed bya 
Howey, etroactive interval (Gray, 1942). 
b > E. f processing is interfered with 
rio aig the short test vowel pre- 
Shoulg n with other vowels, the test vowel 
Would not be identified. This result 
ancy Provide evidence that the redun- 
time of the vowel in normal speech allows 
urati since the extended 
10n of the yowel protects it from later 


Spee 
C] er 
M h until processing has been completed. 


the 


Quency at the same fundamental fre- 
Segment y amplitude. A steady-state 
“Mploying cach vowel was stored digitally 
to. igital a computer-controlled analog- 
Ment, the converter, During the experi- 

€ vowel segment was played back 


4 
Short w Massaro. 


E á : 
Owels, erceptual processing time of 


Unpublished manuscript, 1971. 
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using a digital-to-analog converter. In the 
recognition masking task, 20-msec. seg- 
ments of the vowels /i/ as in "heat" and 
/l/ as in "hit" were employed as test 
items. The masking stimulus was a 270- 
msec. nonsense vowel made up of two 
alternating vowel segments. These two 
segments were taken from the vowels /a/ 
as in “hat” and /U/ as in “put” and lasted 
45 msec. each. The subjects had three 
days of practice identifying the test vowels 
in this task before the present experiment. 

The results of the experiment are shown 
in Figure 2. For each subject, identifica- 
tion performance increased with increases 
in the silent intervowel interval. There- 
fore, the results indicate that processing 
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time is also critical for vowel identifica- 
tion. Performance improved much faster 
with increases in the silent interval in this 
task than in the tone identification task 
(cf. Figure 1). The effective masking 
interval for pure tones was almost twice 
as long as the masking interval for vowels. 
This comparison indicates that "j" and 
"]" are more distinctive than tones of 870 
and 770 Hz. "Therefore, the vowels could 
be identified much faster than the tones 
and were less sensitive to masking at longer 
silent intervals. 

It should be possible to 
effective masking interval of v 
creasing. the number of test 
With only two vowel 
ably 


increase the 
owels by in- 
alternatives. 
s subjects can prob- 
make their decision very rapidly, since 
few features of the vowels need be processed 
for accurate identification. With a larger 
number of alternatives, however, subjects 
would have to process more features before 
reaching a decision. Accordingly, increas- 
ing the number of alternatives should in- 
crease the temporal course of backward 
masking. 

The estimates of perceptu 
time from a number of differer 
remarkably, The 


al processing 
nt tasks agree 


recognition masking 
studies indicate that perceptual processing 
can last between 


120 and 250 msec. 
Identifying a sequence of four auditory 
stimuli requires anywhere from 125 to 300 
msec. per stimulus depending on the nature 
of the material. Although these estimates 
were obtained in fairly simple experimental 
situations, they should not be unrelated 
to the temporal processing of complex 
auditory information, Therefore, these 
results will be important in the discussion 
of processing continuous Speech. 

The estimates of perceptual processing 
time are in the same range as the estimates 
of the duration of preperceptual auditory 
images. The first 100 to 250 msec. of à 
stimulus presentation 


is critical for the 
recognition process. An auditory stimulus 


presented for shorter periods produces an 
auditory image. Accordingly, perceptual 
processing of a short stimulus continues 
during the retroactive silent interval. In 
the recognition masking studies, the short 
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tone or vowel presentation functions as a 
perceptual unit and recognition nie WE 
to a readout of information in the unit. I 
an auditory stimulus changes rapidly over 
time (e.g., during a consonant-vowel tran- 
sition), perceptual processing must con- 
tinue after presentation of the perceptual 
unit. Therefore, it is necessary to specify 
what stimulus variables determine the for- 
mation of a perceptual unit of information. 


Perceptual Units 


According to the present theory, a per- 
ceptual unit cannot exceed preperceptual 
auditory memory and must be followed by 
a steady-state or silent period so that per- 
ceptual processing can take place. Per- 
ceptual units must also be identified with 
respect to the temporal changes in sound 
pressure of the auditory signal. In recog- 
nition masking, the test stimulus functioned 
as the perceptual unit. It is interesting 
that the masking stimulus could not be 
integrated with the test stimulus, forming 
a perceptual unit, and therefore reduce the 
masking effect, Some integration of the 
test and masking tones may have occurred 
when the masking tone followed the test 
tone immediately, This would account for 
the initial rise in performance at the zero 
silent interval in Figure 1, 

If the masking tone could be integrated 
with the test tone, it would not necessarily 
decrease identification performance. The 
stimulus situation can be constructed so 
that integration of two stimuli will be possi- 
ble as can be seen in Hirsh's (1959) study. 
In Hirsh's task, the subject is required to 
judge which of two sounds came first. 


The onset difference between the two 
Sounds is varied while keeping their offsets 
simultaneous. 


Employing two pure tones 
equency, Hirsh showed that 
the first tone can be identified 75% of the 
time if it precedes the Second by 17 msec. 
At first glance, this paradigm seems re- 
markably similar to the auditory recogni- 
tion masking task discussed above. In 
this case, Hirsh’s results seem discrepant 
with Massaro's (1970b) results that in- 
dicated that it takes about 1/4 sec. to 
process the pitch of a test tone. However: 


that differ in fr 


g 
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it appears 5 
e that subjects are able to inte- 
fedncing tones that overlap in time, thus 
y » 4 p c 
g the masking effect of the second 


tone. Acrard: 

Bra, cordingly, the perceptual unit in 

tones j a was the quality of the pair of 
nes (Broadbent & Ladefoged, 1959). 


W 4 

Die quoa eo pnas the eect Te 
low-high pea stimuli: high-low and 
grated is: 1 simipis identifying the inte- 
which tone y us, the subject can indicate 
ilo silent = first. On the other hand, 
tones as in mo occurs between the two 
tion cannot Tempur s (1970b) task, integra- 
tons ake 


at 


tanei perceive temporal order 
ion of tI ao intervals if the overall dura- 
Sree P e is shortened (Patterson & 
uration ya By shortening the overall 
en ps lirsh's low and high tones to 
Subjects. Patterson and Green showed that 
c ifferenc ar identify a temporal onset 
interya] x of 1.5 msec. This temporal 
Necessar 3 Fai similar to the empty interval 
Sounds É Tr separation between two brief 
Sounds or subjects to report there are two 
194g instead of one (Miller & Taylor, 
Percept Hirsh (1959) assumed that the 
whethe ual process involved in identifying 
is at a k one or two sounds have occurred 
in t a ower level than the process involved 
Since „temporal order task. Hirsh felt that 
Poral 20 msec. is needed for judging tem- 
is ma more of the perceptual system 
We ium ved than the ear itself. However, 
«exe em Hirsh's distinction between 
results Fs tasks since Patterson and Green s 
Ences ee that very short time differ- 
Order pan ne recognized in the temporal 
Measure of Awe milliseconds cannot be a 
his wodd cemal processing time, since 
essentially ; require that perception be 

Perea T i Mera 
'ereeptual processing is the identification 
Stored sequenti ation that is probably 
Prol sequentially: The visual image 
ongs the stimulus in its correct spz z 
spatial 
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pattern (Sperling, 1960). If the auditory 
image does something analogous to the 
visual image, it must preserve the stimulus 
in its original sequential pattern for per- 
ceptual processing. The time to process 
the auditory input in the temporal order 
task should not be in the range of the onset 
differences that can be discriminated, but 
rather should reflect the processing time 
measured in the pitch identification task 
(Massaro, 1970b), To measure central 
processing time, it is necessary to stop per- 
sing at varying times after 
stimulus presentation. Accordingly, to dis- 
rupt performance in the temporal order 
task, two brief tones differing in onset 
times could be followed with a third tone 
after a short silent period. From Massaro's 
results, the third tone should mask the 
identification of temporal order. Further- 


the identification of temporal order 
about 250 msec. 


ceptual proces 


more, 
might be vulnerable for 


after the two tones are presented. 

Studdert-Kennedy, Shankweiler, and 
Schulman (1970) studied the identification 
-vowel syllables as a func- 
rences in onset time. 
ly differed with respect 
since they were 


of two consonant 
tion of their diffe 
The two syllables on 
to the initial consonant, 


chosen from the set of six syllables 
/ba,da,ga,pa,ta,ka/. On each trial, the 
two syllables were presented for 250 msec. 

For 


same ear or to different ears. 
d dichotic presentation, 


a given syllable about 
65% of the time if the two syllables were 
simultaneously. Under mon- 
aural presentation, increasing the differ- 
ences in onset time improved identification 
of the first syllable and disrupted identifi- 
cation of the second syllable. In contrast, 
increasing the differences in onset time im- 
proved identification of both syllables under 
dichotic presentation. i 

These results indicate different processes 
operating in the monaural and dichotic 
presentations. Monaural presentation of 
the syllables produces a stimulus situation 
similar to the paradigm employed by Hirsh 
(1959). Supporting this, the monaural 
data agree with Hirsh's results. Subjects 
were able to identify the first syllable 1596 


to the 
both monaural an 
subjects identified 


presented 
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of the time if it led the second by about 
17 msec. If the first syllable led by 50 
msec. or more, its identification was per- 
fect. Other results provide evidence for 
simultaneous masking effects with mon- 
aural presentation. Identification of the 
second syllable decreased with increases 
in onset differences between the two syl- 
lables. Identification of the second syl- 
lable is near chance if it follows the first 
by 50 msec. or more. Studdert-Kennedy 
et al. (1970) point out that with onset 
differences of 50 msec. or more, the stimulus 
sounds like a single syllable with a super- 
imposed click. 

Identification of the syllables with di- 
chotic presentation is a different matter. 
The second syllable is identified about 85% 
of the time if it follows the first by 50 
msec. or more. The fact that the second 
syllable cannot be identified at these lag 
times in monaural presentation indicates 
that dichotic presentation preserves the 
integrity of the syllable at each ear. 
Accordingly, since dichotic presentation 
separates the two syllables into two per- 
ceptual units, this task is more similar to 
Massaro’s (1970b) recognition paradigm. 
Therefore, presentation of the second 
syllable should interfere with identification 
of the first. This follows from the assump- 
tion that a second input that cannot be 
integrated with the first terminates per- 
ceptual processing of the first. The results 
support this assumption. Identification of 
the first syllable was lowest if it led the 
second by 20 msec. and improved with 
increases in lead time. Identification of the 
first syllable was still only 80% correct 
when it led the second syllable by 120 
msec. Further increases in lead time would 
have increased identification of the first 
syllable. Extrapolating the results in- 
dicates that the optimal processing time 
for the first syllable would be close to the 
250 msec. found by Massaro (1970b) for 
pure tones. Therefore, the results of 
Studdert-Kennedy et al. (1970) support the 
importance of perceptual unus peer on 
ceptual processing time in a is 
perception. 
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Creel, Boomsliter, and Powers (1970) 
present clinical evidence that ince 
that the perception of tones or noise A 
temporally categorical. Patients „with ? 
deficient blood supply to the brain stem 
need as much as 200 to 400 msec. of 3 
1,000-Hz. tone to perceive it as tone xw 
than noise. A normal listener needs about 
10 msec. of the same burst to achieve the 
tonal sensation (Stevens & Davis, 1938). 
A given patient hears a sine wave presente 
for 300 msec. as noise and the same o 
wave presented for 400 msec. as tone. 400 
the authors point out, given a tone of ; i: 
msec., one might expect that this patien 
would hear 300 msec. of noise followed by 
a short tonal sensation. Since the s 
ception is either noise or tone, the signa " 
perceived as a Gestalt and is therefore 
temporally categorical. This result pr 
vides convincing evidence that perceptio? 
is not immediate and that auditory per’ 
ception is the result of processing preper 
ceptual units of information. 

Even though 10 msec. is a sufficient dura- 
tion for a tone to be heard as tone for 
normal observers, the results discusse 
earlier indicate that it takes much longe" 
to process the information necessary for the 
tonalsensation. Patients with an impaire 
blood supply to the brain may need more 
processing time than normals for a tona 
sensation. Since the image of a short tont 
decays rapidly, its information may not 
last long enough for the patient’s perceptua 
processing necessary for a tonal sensation 
In terms of analysis by Synthesis (Neisser: 
1967), the information may not be presen 
long enough for synthesis of à tonal sen“ 
sation. Extending the duration of the tone 
of course, increases the life of the informa 


tion necessary for processin 


s r Eg and a pure 
tone is perceived. 


Processing Continuous Speech 
Studies of 


interrupted a 

; and alternated 
speech also Provide evidence o var. 
perceptual units, In ; oncernir 


nte 

half of the speech is elitiinated nd speech, 
segments of the speech signal y replacing 
Therefore, speech anq T With silence- 


Silence are alter- 


a a a 
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nated ata o; 
(1980) a given rate, Miller and Licklider 
Honn uas i irks and Bower (1970) have 
lowered s rine pod of speech was not 
of it if ‘cas by eliminating half 
D S wiser Moss intervals occur every 50 
replaced witl However, if the speech was 
ae eid 500 msec., 
These n Its the words were recognized. 
of the e ts indicate that the durations 
Ta a units critical for the 
50 and on words employed are between 
dundaney Rg ag Furthermore, the re- 
recognition 3 tire perceptual unit makes 
Pontons af possible even though alternate 
Chases oe replaced with silence. 
cone studied the perception of 
or the ee taken from scientific essays 
sient se Under conditions of in- 
intelligibili speech, he found that speech 
E ni ity was lowest at rates of 1.5 to 
Sort: Iptions per second. . Therefore, the 
replacin a recognition 15 produced by 
periods E. the speech signal with silent 
msee "si it last between 100 and 330 
Within hcc the durations of syllables are 
syllable is range, the results implicate the 
ee b me perceptual unit for speech. 
unit e» able functioned as the perceptual 
moval "dese recognition, its complete re- 
Speech S senile and does lead to the poorest 
recognition. 

ases. continuot 
tlie ar IR than removi 
diia signal also prov! 
Ceptio the perceptual unit 
HS s Alternating speecl 
three times per $ 


is speech from ear 
oving segments of 
des information 
of speech per- 
1 from ear to ear 
econd disrupts 
1953; Cherry & 


ay © i 

Syor 1954). In contrast, alternation 

ee ear to ear at much faster or slower 
€s does not disrupt speech perception. 


H à 
vds (1964) elucidated these findings by 
ai jj that the rate of alternated speech 
Was de to the poorest speech recognition 
Signal. pendent on the speed of the speech 
alternation speech is speeded up, faster 
intelligibili rates are necessary lor minimal 
Heu 
the sued UN e the rate of alternation and 
ound rx speech signal, Huggins 
ADproximatir nating segments of speech 
mating the average duration of a 


to the poorest recognition. 
eech at this rate insures that 
ill occur exactly 
Assuming that 
annot be inte- 
in the 
e the 


syllable led 
Alternating sp 
a switch between ears W 
once during most syllables. 

a speech signal in one ear © 
grated with the signal arriving 
opposite ear, these results indicat 
syllable as an important segment in speech 
perception. With only part of the syllable 
in each ear, subjects would have minimal 
information if identification of the syllable 
was critical for speech perception. If the 
alternation of the speech was slowed down, 
the subject would have more of the syllable 
in one ear and, therefore, should be able 
to identify it more accurately. Since 


processing time is constant across rates of 


alternation in Huggin's study, the results 


indicate the syllable as the optimal segment 
or perceptual unit in the processing O 


speech. 
Huggins (1 

surements of the te 

his speech passages. 


964) also presents some mea- 
mporal characteristics of 
First, it is interesting 
that 18% of the total duration of the 
passages was essentially silent. This free 
time probably helps establish perceptual 
units and gives the subject time for per- 
ceptual processing. The mean duration of 
the syllables was 200 msec. with an inter- 
quartile range of 150-250 msec. The dura- 
tions of syllables, then, agree with the esti- 
mates of perceptual processing time. The 
agreement of perceptual processing time 
and the duration of the perceptual unit 
correspond to à similar finding in visual 
information processing. Since each eye 
movement in reading overwrites the pre- 
ceding visual image, the fixation must and 
does last long enough for perceptual process- 
ing (Haber, 1970; Woodworth, 1938). 

The results indicate the syllable as the 
perceptual unit in speech perception. 
Warren. (1970), in fact, has shown that i 
another extraneous sound replaces @ 
phoneme in à sentence, listeners actually 
report hearing the missing phoneme. 
Warren deleted a 120-msec. section cor 
responding to the first /s/ in legislatures in 
the sentence, “The state governors met 


with their respective legislatures convening 
in the capital city." The missing section 
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was replaced with a recorded cough or tone 
of the same duration. Only one of the 40 
subjects reported hearing a missing sound 
and he selected the wrong one. In addition, 
subjects were not able to locate the position 
of the extraneous sound in the sentence. 
These results indicate that we can synthe- 
size a unit of speech perception with 
limited amount of information 
perceptual auditory image. 
The perceptual synth 
phoneme must be mad 
its auditory context. Relevant features 
exist before and after the missing phoneme 
and these features are held in preperceptual 
storage for perceptual processing. On the 
basis of limited information (since a 
phoneme is missing), the subject extracts 
what features are present and is able to 
synthesize the correct syllable or word. 
This synthesis must take place on a per- 
ceptual level rather than a verbal or ab- 
Stract level since the subject actually 
believes he heard the missing phoneme. If 
the phoneme is replaced with silence rather 
than an extraneous noise, the subject 
notices the gap and yet is able to identify 
the word correctly. The temporal course 
of the information in the preperceptual 
store could be determined by varying the 
temporal separation between the degraded 
word and the necessary context for word 
synthesis. Phonemic restoration should 


not occur when the sensory features near 
the missing phoneme 


are no longer avail- 
able for perceptual synthesis. Accordingly, 
if the context comes after this preperceptual 
information has de 


cayed or has been 
masked by other sensory input, the ob- 
server should notice the missing phoneme, 


In a different approach to disrupting 
speech, Cherry and Wiley (1967) and 
Holloway (1970) have shown that passing 
only the strongly voiced speech sounds de- 
creases speech perception. This sequence 
of sounds and silent periods does not con- 
tain the rhythmic nature of normal speech. 
By adding a low level of white noise in the 
silent gaps between the separate sounds, 
the authors showed that the Speech Ea 
again becomes intelligible. These re ts 
show that the nature of normal speech is 


a 
in the pre- 


esis of the missing 
e on the cues from 
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important for establishing temporal Me 
perceptual units for speech perception. z 
artificially segregating the information, om 
organization of the larger units norma x 
identified is broken. Noise, then, -— 
bridge the gap and provide the subjec 


i : ; a ech 
with an organized unit for spe 
perception. E 
: ` : reiler, ar 
Liberman, Cooper, Shankweiler, € 


Studdert-Kennedy (1967) have presented 
a detailed and interesting account of speec t 
perception that differs from the nos 
approach. The basic assumption of Libe a 
man et al. is that speech perception occur 

at the level of the phoneme. Tipgeisen 
their emphasis is on the informatio” 
processing necessary for phonemic eh 
ception from the acoustic signal. Th 

analysis of the acoustic signal is in terms 
of the formant Structure of speech patterns. 
Figure 3 presents the first two formants A 
the patterns /di/ and /du/. The darkenet 

areas represent the concentration of acous- 


tic energy at the indicated frequencies Ove 
time. 


Using the example of /di/ and /du/ 
Liberman et al. show that the second for- 
mant structure is necessary for perception 
of the /d/ segment of the syllables /di/ and 
/du/. "Therefore, they argue that /d/ per- 
ceived as the same phoneme is represented 
by two entirely different acoustic signals 


(cf. Figure 3). Liberman et al. (1967) 
state, 


It is, then, the second-form 


in the patterns in Figure 1 [Figure 3 in the present 
article ], the acoustic cues for the perception of the 
/d/ segment of the syllables /di/ and /du/. We 
would first note that /d/ is the same perceptually 
in the two cases, and then see how different. are the 
ustic cues. In the case of /di/ the transition 
s from approximately 2200 cps to 2600 cps; in 
/du/ it falls from about 1200 to 700 cps. In other 
words, what is perceived as the same phoneme is 
cued, in different contex S, by features that arc 
vastly different in acoustic terms, How different 
these acoustic features are in nons 
can be determined by 
patterns of Figure 1 [Fi 
and sounding them in is 
ies pq ated from the / 
eser B Y rising whistle or 
pitches, the one from /du/ like 
whistle on low Pitches [p. 435]. 


ant transitions that are; 


ae present article] 
When we do that, 
di/ pattern sounds 
glissando on 


hi 
a rapidly f: iigh 


alling 


y 
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3000 di du 


FREQUENCY IN CPS 


9 300 o 300 

5 TIME IN MSEC. 

"IG, 3 SDectr H E P 
Synthesis Spectrographic patterns sufficient for the 
With pe of /d/ before /i/ and /u/. (Reprinted 
F. S. Eust from an article by A. M. Liberman, 
p dime D. P. Shankweiler, and M. Studdert- 
Vol. 7i! published in the Psychological Review, 1967, 
logical x Copyrighted by the American Psycho- 

al Association, Inc., 1967.) 


ana over assuming that the syllables /di/ 
there si function as perceptual units, 
acousti is a direct correspondence between 
Ot ¢ signal and percept- 

indicate — of Liberman et al. 
the patter iat presenting the early part of 
Sound pula: alone produces a nonspeech 
Pattern s adding successive parts of the 
Rather i 1e phoneme /d/ is never heard. 
to the on perception changes categorically 
creases Sy lable /di/. Therefore, with in- 
change X stimulus duration, perception 
boni rom a nonspeech sound to a con- 
habue. nes cluster. Liberman et al. 
mant s from this evidence that the for- 
SO persons continuously provides in- 

ation about the two phonemes in 


Parallel, 
In contrast to the conclusion of Liber- 
ide convincing 


n 
m al., their results provi 
Perce rt for eliminating the phoneme as the 
Same unit for processing speech. 
syllable. reviewed above indicated the 
Speech as the perceptual unit critical for 
Show is Other recent results 
Perceptior phoneme perception follows the 
Phonemes, E the syllables containing the 
Sented sup; avin and Bever (1970) pre- 
Syllables orn with a sequence of nonsense 
às they ; he subjects responded as soon 
lu ed heard a target in the sequence. 
e feats to a target that was 
yllable than to a target that 


(1967) 


was a phoneme from that syllable. Warren 
(1971) has studied identification time for 
targets in continuous speech. Identifica- 
tion times for monosyllabic words or non- 
sense syllables were faster than identifica- 
tion times for phoneme clusters. Reaction 
times to phoneme clusters were shorter 
than reaction times to individual phonemes 
within the clusters. These results indicate 
that syllable identification precedes pho- 
neme identification in speech perception. 
These results suggest a different process 
for syllable identification than the process 
responsible for phoneme identification. 
the syllable is the perceptual unit, identifi- 
cation of the syllable involves an analysis of 
the information in the preperceptual stor- 
age of the syllabic unit. The distinctive 
features necessary for recognition would be 
relevant to this unit. On the other hand, 
since the phoneme is not a perceptual unit, 
phoneme identification in speech probably 
does not occur as à result of analysis of 
preperceptual memory. After identifica- 
tion of the syllable, the subjects could 
an the syllable for the appropriate 
In vision, this process 
would be analogous to finding the letter 
“a” in the word "cat" after the word was 
already identified. Warren's (1970) results 


indicated that su i 


simply sc 
phoneme target. 


bjects do not recognize 


that a phoneme is missing when it is re- 
placed by an extraneous sound. These 
n here 


results support the interpretation give 
that the phoneme is not perceived directly 


from preperceptual memory, but is inferred 
from the identification of the syllable or 


word. 

The results indicate perceptual units 
that are larger than the phoneme in speech 
perception. As Liberman et al. (1967) 
point out, attempts to produce intelligible 
speech by a recombination of phonemes has 
been unsuccessful (Harris, 1953). In con- 
trast, Petersen, Wang, and Sivertsen 
(1958) showed that intelligible speech can 
be produced by using units that are at least 
one-half syllable in length. Liberman et al. 
(1967) concluded that 
livery of information produces at 


| the merging of influences we have 
1 yields irreducible acoustic 


This parallel de 
the acoustic leve 
already referred to anc 
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segments of approximately syllabic dimensions 
Cp. 441]. 


Rather than parallel processing of pho- 
nemes, it is more parsimonious to assume 
that the syllable functions as the per- 
ceptual unit for speech perception. 

If the vowel is integrated with the con- 
Sonant-vowel transition (as in Hirsh's task), 
the extended duration of the vow 
normal speech 
perceptual processing. 
earlier, vowels in normal Speech last 
150-250 msec. As can be seen in Figure 
3, the last 200 msec. of /di/ and /du/ do 
not provide new information. The first 
100 msec. of the pattern probably could be 
identifed if it is presented alone and 
followed by a silent interval. However, if 
the consonant-vowel transition was fol- 
lowed bya speech sound that could not be 
integrated with it, perception should be 
disrupted and backward recognition mask- 
ing should occur, 

Throughout this paper 
that there are perceptual or temporal units 
of auditory information, and that per- 
ception is determined by the processing of 
the information in the temporal units. 
The assumption of temporal units in audi- 
tory information processing may seem 
similar to the psychological moment theory 
proposed by Stroud (1955). However, 
the important difference is that the psycho- 
logical moment assumes that time is the 
critical independent variable determining 
the perceptual experience 3s (Kahneman, 
1968; Schmidt & Kristofferson, 1963; 
Stroud, 1955). Contrasting this, the re- 
sults indicate that the size of the temporal 
unit is determined by the Properties of the 
physical stimulus. The duration of the 
perceptual unit in a consonant-vowel tran- 
sition is longer than the 20-msec vowels 


el in 
would provide time for 
As mentioned 


it has been argued 


used in the recognition paradigm. How- 
ever, in both cases, we must process the 


ë |t should be noted that the term "syllable" ania 
be interpreted loosely. There are four basic syllable 
types: Vs, VCs, CVs, and CVCs where V is a vowel 
and C is a single consonant or a consonant cluster. 
ae unlikely that all syllables function as Perceptual 
units, For example, CVCs probably contain two 
perceptual units. 
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information available and this processing 
requires time. During perceptual preen 
ing, the information is extracted from p 
stimulus image and the synthesized percept 
enters consciousness or short-term EmO 
as a unit. The preperceptual "err 
the auditory input will usually be lost e 
the next auditory input. "Therefore, short- 
term memory is necessary for retaining the 
synthesized information necessary for com- 
bination with the synthesized information 


from other perceptual units (Lashley, 1951; 
Wickelgren, 1969). 


Auditory Short-Term Memory 


Morton (1970) and Crowder and e 
(1969) interpret some short-term effects ve 
evidence for a precategorical acoust! 
Storage that is assumed to have many “i 
the properties of an auditory preperceptua 
store. Morton and Crowder's demonstra- 
tion of precategorical acoustic storage is the 
suffix effect. The subjects are asked to re- 
call serially a list of eight items presente 
auditorily at a rate of two per second. Per- 
formance on a control list is compared to 
performance on the same list followed by 
the suffix zero, Although the suffix is not 
recalled, it selectively decreases perform- 
ance on the final two or three items 
(Crowder, 1967). Control studies show 
that the auditory suffix zero produces more 
interference. with recall of the final items 


than a visual suffix (Morton & Holloway, 
1970). 


cate that although 
auditory informa- 
t, this information 
tegorical. ]t was 
information avail- 
ge of a short tone 
he information 
before the tone 
the other hand, 
» €ach item in the 

uld have been identified 
before the fo Owing item is Presented, 


due to inter- 
f the subject’s short-term t 


i H memo 
nal items in the list. Recognition, 
on the other hand, į 


; + ] ue to 
ce with the subject's Perception 


masking, 
interferen 


4 
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of the test it : 
to Cb pn If subjects were required 
in the list "d the last tu or three items 
Dated. Sinc ~ anm effect should be elimi- 
Presented = each item is perceived as it is 
served in ui interference should be ob- 
Short-term le recall task without some 
Crowa memory loss. 
consistent « a, Morton's results are more 
term ae interference effects in short- 
storage re than precategorical acoustic 
decreasin : a of results indicate that 
Stimulus Reactor 1 of the suffix to the 
Presenting tl premses interference. First, 
Suffix in x fen list in a male voice and the 
effect. Se emale voice reduces the suffix 
talaten oa presenting the suffix con- 
also yedi the stimulus list presentation 
White ee the suffix effect. Finally, 
Suffix sede or a buzzer presented as the 
and Mort nee» Do interference. Crowder 
that inil results, then, demonstrate 
orete d plays an. important role in 
agrees wit] memory. Phis interpretation 
Memory gg ur studies of short-term 
Similarity a find that increasing the 
increases a NEOON NE items to test items 
Saro, 1970 orgetting (Deutsch, 1970; Mas- 
Vickelg. c, Experiment II; Reitman, 1971; 
‘h gren, 1965, 1966). 
Silene, 26.0 thie pafa eteni is directly 
ist and a the similarity of the stimulus 
larity off ie suffix. Contrasting this, simi- 
Of interf ects have not been found in studies 
Images cm. with preperceptual auditory 
creasing t] lassaro (1970b) showed that de- 
Masking 1e similarity between the test and 
recogniti tones did not decrease backward 
Sentin ion masking. Furthermore, pre- 
the d a masking tone contralateral to 
the ing tone presentation did not reduce 
Final ^ ference effect of the masking tone. 
Percept white noise interferes with pre- 
(Dirks a memory in speech recognition 
Support "d Bower, 1970). These results 
Effect nnt 1e assumption that the suffix 
Cour at t backward recognition. masking 
Procesgin wo different stages of information 
Studying ^ Crowder and Morton are 
AVE not j^ lame: of identified items and 
Memory for pem conclusively that 
"e ^ 4 ci 
acoustic storage.” 


As Morton (1970) points out, many of 
ilts demonstrating a suffix effect can 
be interpreted in terms of selective atten- 
For example, presenting the suffix 
at twice the subjective loudness of the 
stimulus list reduces the suffix effect. In 
terms of selective attention, the difference 


in loudness of the suffix provides a dimen- 


sion for rejection of the suffix. On the 
i acoustic 


other hand, if precategor! al 
storage was responsible for the suffix effect, 
a louder suffix would be expected to produce 
more interference, since the suffix sup- 
posedly overwrites the information in pre- 
categorical storage. Morton (1970) pre- 
sents the crucial test between selective 
attention and precategorical acoustic stor- 
age accounts of the suffix effect. Presenting 
the stimulus list monaurally, he compared 
a monaural to a binaural presentation of 
the suffix. Selective attention would pre- 
dict a reduction in the suffix effect with the 
binaural presentation, since this could be 
used as a dimension for rejection. How- 
ever, “precategorical acoustic storage" pre- 
dicts no difference, since a binaural suffix 
should overwrite preperceptual information 
as well as a monaural suffix. The results 
provide evidence against a “precategorical 
acoustic storage" account of the suffix 
effect, since the binaural suffix actually 
produced less interference than the mon- 


aural suffix. 
Bryden (1971), 
listening situation, 


the resu 


tion. 


working in a dichotic 

has also interpreted 
attention and short-term memory effects 
as preperceptual auditory memory effects. 
Bryden presents four pairs of digits, at two 
pairs per second, in a dichotic listening ex- 
periment, The subject is instructed to 
attend to a given channel. He then recalls 
all of the digits with instructions to recall 
the attended or unattended message first. 
Results indicate that, overall, the attended 
digits are recalled much better than the 
unattended digits. Furthermore, an anal- 
ysis of the serial position curve indicates 
that there is a very small serial position 
effect for the attended digits. In contrast, 
memory for the unattended digits shows a 
huge recency effect. Recall of the last 
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unattended digit is twice as probable as 
recall for the first unattended digit. 
Bryden (1971) interprets these 
as indicating that the unattended 
are in preperceptual storage. 
digits presented in the 
could have leen identified 
Supporting this interpret 
(1969) has shown that items presented to 
the unattended ear in a shadowing task 
are recognized at presentation. These un- 
attended items also show forgetting func- 
tions similar to typical short-term ; 


results 
items 
However, the 
unattended ear 
at presentation, 
ation, Norman 


memory 
studies (Norman, 1966). Therefore, it is 
argued that the unattended items jn 


Bryden's task were id 
tion but received ve 
Processing for 
showed more for. 
digits, 

This interpretation requires 
between two stag 


entified at presenta- 
ry little perceptual 
memory and, therefore, 
getting than the attended 


a distinction 
es of perceptual process- 
ing pointed Out explicitly by Massaro 
(1970a). The first Stage, perception or 
perceptual Processing of the information in 
the preperceptual auditory image refers to 
the analysis of the Sensory input in which 
physical features are examined in order to 
identify the input. After identification of 
the item, the second Stage of perceptual 
processing is carried out in order to re- 
member the item. In Bryden's task the 
unattended items could have been poorly 
recalled because they received very little 
perceptual processing for memory. Digits 
can be identified easily within 200 msec. 
as shown by Warren and Warren (1970). 
Therefore, Bryden's Subjects had time to 
identify both the 


attended and unattended 
items at Presentation. In the time re- 


maining, they rehearsed the attended items. 
This interpretation is more compatible with 
the literature reviewed here than is an 
interpretation 9n preperceptual 
storage. 

Preperceptual auditory images 
term auditory memory have their analogous 
counterparts in vision. A Preperceptual 
auditory image is analogous to the positive 
afterimage in vision that keeps the stimulus 
in its original form (Sperling, 1960), Eyi 
dence presented earlier indicated that very 


based 


and short- 


little preperceptual information peri 
after readout of the auditory image whic 

occurs within 250 msec. Accordingly, SY i 
thesized short-term auditory memory must 
be qualitatively different than prepa 
ceptual auditory images. Synthesized au 

tory memory js analogous to the hpc 
memory studied by Posner and his he 
leagues (Beller, 1971 ; Posner, Boies, S 

man, & Taylor, 1969; Posner & o 
1967). Their results indicate that the 
visual memory used to remember a capital 
A is qualitatively different than preperceP” 
tual visual images, Similarly, the yid 
memory used to remember a list of dig! Š 
is qualitatively different than prepercep 

tual auditory images, 


Conclusion 


Temporal or perceptual 
important role 
These units are 


units play. nd 
in auditory recognition 
held in a preperceptu? 
auditory store for perceptual processing: 
If a second auditory pattern can be Hr 
tegrated with a first, they can form 2 
single unit. If not, the second can interfere 
with the Preperceptual image of the first: 
Perceptual Processing refers to an analysis 
of information in the perceptual unit. This 
analysis. requires an examination of the 
physical features of the stored sequential 
Pattern in order to identify the input. The 
temporal course of Perceptual processing 
depends on the complexity of the identifi- 
cation task. The More difficult the dis- 
crimination, the longer the time needed for 
reading out the necessary information. 
The present resu 


e prese lts are also relevant to 
the distinction drawn be 


[ : tween the process- 
mg ol speech ang Nonspeech material 
(Liberman etal., 1967), “The motor theory 
of speech Perception 


assumes th 


at articu- 
ediate the 


perceptual 
» assuming 
TY store eliminates 


latory mechanisms m 


some of the “e 
that demand a unique p speech. 
Most Important]. the perceptual unit of 
Speech cannot be at the phoneme level but 


pun be more complicated. On the Other 
hand, it cannot be as large as two or three 


Bmg o, oe, 
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Words as . 
Mri rbd i the discussion of short- 
come im panoni Phonemes may 
sary for r E when the features neces- 
ever, this cognition are determined. How- 
than deton entirely different problem 
remains en. the perceptual unit that 
The Siria or perceptual processing. 
Provide a e paper has not attempted to 
or complex z account of speech perception 
term Nee ieri recognition where short- 
Cision — Y longterm memory, and de- 
Spect to T become critical. With re- 
tions at leges h perception, the contribu- 
Ignored (Miller and seriantics cannot be 
ichten Cae 1962; Miller, Heise, & 
Patterng f 1). With complex auditory 
organizatio Ta rhythm, melody, and 
of synthetic yecome important at the level 
54; Dow memory (Cheatham & W hite, 
& Miller Ton 1971; Garner, 1951 ; Heise 
a sympho ody White, 1963). Enjoying 
Simply. eT mol much more than 
in enn M zing the information available 
las, a store. [he present paper 
Work for tl "i - ovided a conceptual frame- 
Processin 2 recognition stage of perceptual 
Processine This stage of perceptual 
that hos outputs a syntheiszed percept 
of audito IBS available to the next stage 
ry information processing. 
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STBIER ? 


University of Nebraska-Lincoln 


The belief theor 
prejudice is the result of the anticip: 
tional causal relationship implied i 
supporting the belief theory is ex 


deficiencies noted. A new formul 


class of the communic: 
ships between commur 
prejudice level on the dimensi 


ons ol 
municator are seen as supporting 


The belief theory of prejudice suggests 
that prejudice results from an aversion 
toward individuals who hold beliefs which 
are incongruent with one’s own. 
postulated that the aversion tow: 
compatible beliefs was due to 


needs for consensual valid 
Smith, 


for the 


It was 
ard in- 
universal 
ation (Rokeach, 
& Evans, 1960) and/or the desire 


reinforcement provided by belief 
agreement (Byrne & Wong, 1962). Fur- 
thermore, belief theory proponents have 
suggested that without anticipations about 
belief differences, no prejudice would exist. 


‘Study I of this paper was based on dissertation 


research submitted to the Department of Psycho- 
logy, Univ 
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of the requirements for the PhD degree. Special 
thanks are due to my thesis advisor, Vincent Nowlis, 
for assistance with the research and for comments 
offered concerning the manuscript, and to my wife, 
the interviewer in the research, Thanks are also due 
Allen Adinolfi, James Barron, Ed Fougerousse, and 
John Martinelli for help with the audio and video 
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A Dienetbier Department ni Nem Gi: 
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y of prejudice introduced by M. Rok 


ation of belief differences. 
s criticized as oversimplified. 


ator first having been manipulated. 
nicator’s race, specific communic; 


ach stated that racial 
The unidirec- 
Research 


amined, with conceptual and experimental 
ation is proposed which empha 
causality between racial prejudice and anticipated belief differenc 
studies supporting that view are pre 
were presented as tape-recorded intervi 


mutual 
Two 


DAN 
ented in which belief communications 


s or speeches, with the race and social 
The interrelation- 
; D gms 
ation topic, and subject's 


f felt similarity of the subject to the com- 
the mutual causation formulation. 


" i hat 
Rokeach et al. (1960), in elaborating : 3 
point in the original formal presentatio 


: ‘ered the 
the belief theory, asked and answered 
ultimate question: 


jju- 
Are there two qualitatively different kinds of mor 
dice, or can racial and ethnic prejudice be subsu ra 
under belief prejudice? The data, such as they first 
seem to yield up a primarily no answer to the 1 


n y part 
part, and primarily yes answer to the second F 
of the question [p. 157]. 


Since that statement, a good many ama 
researchers have interpreted their researe 
as supporting those notions, 13 
The purposes of this paper are severa 
First, to demonstrate that the question n 
race versus belief cannot be answered ES 
the abstract, and that any attempt at x 
quantitative answer to the question of t^ 
relative strength of race and belief differ 
ences in determining Prejudice is inappr?" 
priate. In order to develop the argumen 
leading to that conclusion, a review of the 
literature supporting the belief theory will 
be presented, discussed, and criticized 
The second purpose of this 
that the interaction o 


" 
f bel; Paper is to show 
: lief differe an 
race are quite complex and ar cadent 
lation of the belief a refor 


tl in* à 
causal relations between dee of ae 
and beliefs (rather than the uus na 
relation Presently in Vogue) ig Mdirectior q 
priate. Evidence in the ie more appr : 
two studies will be resented qu ra 

to demon 
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PREJUDICE AND BELIEF DIFFERENCES 


Strate that r " 
less of ei TSS prejudice can exist regard- 
complex f us Ei ipei and that a more 
.O. Plex formulation th: 3 “of 3 
I$ indicated, an the belief theory 


BeLIEr THEORY RESEARCH 


I — 

hee D belier theory research of 

Were prese al. (1960), stimulus individuals 
Race x tn in a factorial design of 
Were dt that the stimulus persons 
agrees. (b) e Ts (a) Negro person who 
c) white d tas person who disagrees; 
Berson c ae a. who agrees; (d) white 
Manipulz m disagrees. Agreement was 
ated by the stimulus person's stand 


on 

Some one z ; 
Derson one topic, so that most stimulus 
i presentations were as short as “A 


eg! 
^ id qp in God." Topics were 
Socialized al and race relevant, including 
Unions, G gee communism, labor 
raternit Ses immediate desegregation, 
face ~~ sorority integration, equality 
rejudice a integration of neighborhoods. 
he i a s determined on the basis of 
'Stance-ty b responses to a 9-point social- 
"endship, sae sor concerning potential 
ce X A. . sing a factorial design of 
dicated ü greement (Belief), the data in- 
ing the E the basic hypothesis concern- 
lation oe power of the belief manipu- 


d 


USB emis à 
ation - identical stimulus person presen- 
illios methods were used by Smith, 
Populatic and Willis (1967) with subject 
Tom $E different in location and age 
findin E ose of the Rokeach research. Their 
clones} generally tended to replicate the 
Ce findings, although a high degree 
ion rs (as opposed to belief) discrimina- 
Sample. found for the Louisiana subject 
Signific; ; There were, however, several 
The , Ant Problems with the research. 
at wad testionnaire was undisguised so that 
race iud rar | obvious to subjects that 
iid that belief issues were being studied 
both their their responses would indicate 
and ino ei toward the belief issues 
ped, th ae Results must be inter- 
rue soniou with the recognition of 
acia] Ddi of social desirability with 
mand the mes a by the obvious 
aracteristics of the situation. 


in this rather artificial situation, 
subjects must make some decisions as to 
what the experimenter means to imply by 
his stimulus materials. Does the mention 
of one man as Negro and another as white 
imply that all other things are equal be- 
tween the two? Although a subject could 
blithly develop and accept such a premise 
in the context of psychological research, 
he might never be willing to concede the 
same point in real-life racial interactions. 
This objection also concerns the question 
of whether the laboratory presentation of 
race-relevant materials results in subjects 
believing the experimenter. Suspicious- 
been conspicuously absent 
from the bulk of the cited research. One 
does not read any reports of such direct 
questions as “Did you think we were look- 
ing at the influence of race on your re- 
>” A rare reported occurrence of 
a check of any sort (Hendrick, Bixenstine, 
& Hawkins, 1971) asked subjects “to 


describe their reactions to the experiment." 
al questionnaire 


Work on postexperiment 
procedures for deception experiments has 
suggested the advantages of direct and 
specific questions following more general 
ones as an ideal technique for detecting true 
suspicions without eliciting false-positive 
reports (Page, 1971). Whether we con- 
sider the possibility of mistaken assump- 
tions on the part of the subjects, or their 
possible suspiciousness of the experi- 
menter's true intent, there is cause for 
serious doubt that subjects respond to the 


stimulus materials in a manner which is 
similar to their real-life behavior. 

A second category of objection to the 
Rokeach et al. (1960) and Smith et al. 
(1967) studies was explicated by the re- 
search of Triandis and Davis (1965). Using 
stimulus person presentation techniques 
similar to the Rokeach et al. (1960) method, 
those authors presented to each of 300 sub- 
jects eight stimulus persons representing 
all combinations of race (white or Negro), 
sex, and strong pro or anti views toward 
civil rights. Stimulus persons were des- 
cribed in short phrases such as ‘Male, 
Negro, favors strong civil rights legisla- 
Dependent measures of semantic 


Second, 


ness checks have 


spons 


tion." 
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differential and social-distance-like be- 
havioral differential scales were used. 
From previously determined factor struc- 
tures (Triandis, 1964), the 
differential scales were classi 
five factors of formal social acceptance, 
friendship acceptance, marital accept 
social distance, and subordination. For the 
first two factors, belief differences provided 
the greatest influence, while sex 
had the most impact on the third 
last two were most influenced 
"These results were interpreted 
that the dependent measures used deter- 
mine the relative influence of the race 
versus belief influence. 
(Dienstbier, 1970) extende 
For the same subjects, whil 


be indicated toward minority group mem- 
bers (over Whites) on one Scale such as 
"would elect to political office," significant 
negative prejudice may still 


be indicated 
on other more race-sensitive scales such as 


"accept as kin by marriage." Mezei (1971) 
has since suggested that the greater in- 
fluence of race on such items as marriage 
acceptance is merely due to subjects' antici- 
pation of social disapproval for a more 
lenient stand. The Mezei data are, unfor- 
tunately, not free from the 
interpretation that rac 
real, and th 
sharing 
their ow 


behavioral 
fied into the 


ance, 


and race 
, and the 
by race. 
as suggesting 


Other research 
d those findings. 
e favoritism may 


alternative 
e prejudice is very 
at subjects see other people as 
their prejudice in order to defend 
n views and because (as the belief 
theory suggests) they want to believe that 
others largely share their beliefs and values. 
At present, then, it appears that certain 
dependent measures are far more responsive 
to racial prejudice while others are more 
belief sensitive. The friendship acceptance 
scales of the Rokeach et al. (1960) and the 
Smith et al. (1967) research and the choice 
of work partner scales used in Byrne's re- 
search (reviewed below) are far more sus- 
ceptible to belief than race influences 
(Dienstbier, 1970; Triandis, 1961 ; Triandis 
& Davis, 1965). Their use, therefore, biases 
results toward confirmation of the belief 
theory. z 

Using a different stimulus person presen- 
tation technique, Byrne and bie € 
presented stimulus persons through a 


item checklist of attitudes, with the € 
of the attitudes of thc stimulus D 
having been derived from previously Sg 
quired self-reports of the subjects on 4 ns! 
same attitudes. The stimulus aoe 50 


attitude checklists were constructed in- 
that attitudes were like those of ae 
dividual subject (all responses to cach but 
on the same side of the 6-point scale, -ale 
not necessarily in the same exact e. 
position as chosen by the subject), © dist 
like those of the subject. The elie ne 
of attitudes developed by Byrne mec re- 
such topics as marriage, ped ap cmt ic 
ligion, politics, drinking, and a Ca y to 
president; the items do nol, according, p? 
Byrne and Wong, "reflect common i 
ments in the Negro stereotype. Jé 
of the factorial design of two leve race 
subject prejudice by two levels of BE 
(Negro and white) by two levels of ag the 
ment (belief) found agreement to be nde 
greatest source of variance on the age 
ent measures—choice of work partner é 
personal feeling scales. ne 
In subsequent related research by By nd ; 
and Me Graw (1964), Stein, Hardyck, a 
Smith (1965), Stein (1966), Insko o 
Robinson (1967), and Robinson and In 
(1969), the attitude checklist belief ma! 


pulation method was elaborated and E 
plied to different 


The Byrne an 
research used the pa 
attitude manipulations of 5 1 
lief as the previous Byrne research. Ste! 
et al. (1965) and Stein (1966) used a tee?” 
ager questionnaire of about 25 items, a fe 
of which Were relevant to stereotypes © 
blacks (concerning intelligence, morality; 
ambition, anq dancing ability), Í Insko an 
Robinson (1967) and Robinson and Insko 
(1969) used many of the same belief mani- 
pulation items of Stein's research, adding 
ime items taken from the Blake an’ j 
eae (1943) study on Negro Stereotypes 
nson and Insko (1969) Provided 4 — 
clever refinement on the Practice of making ` 
= dissimilar checklist by lling Bs “the 
i: à T n. 
imulus person's checklist With items 
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Scored o ; 
Method a ide from. the subject's. Their 
estimates of ved finding what the subject's 
and returni the typical black's attitudes, 
Ject later ae em profile back to the sub- 
Once Maipo ied once to a white and 
Studies gei m individual. Although these 
true M attempted to disguise the 
z subjecte. Pos research by suggesting to 
Vere real pe lat the stimulus individuals 
technique people, the attitude checklist 
Imitation "n suffers under the obvious 
Spplicabj]it.. Es quite artificial, so that 
Aboratory si results to behavior in non- 
. These es erus is quite limited. 
tionalizeq min conceptualized and opera- 
though gence in a variety of ways. 
nly the yrne and Me Graw (1964) used 
Partner } choice of friendship and work 
research mm of the previous Byrne 
Stein et al ne research of Stein (1966) and 
Measures : (1963) used social-distance-ty pe 
ensitiye which ranged into such race- 
areas as acceptance as kin by 
md s he dependent measures of 
nd [nar obinson (1967) and Robinson 
differentia} (1969) included both semantic 
Shier and social-distance-type items. 
(19 2 ly the Byrne and Mc Graw 
Prediction rel supported the belief theory 
and Ste: ns, as did the Stein et al. (1965) 
Measures (1966) research (on all prejudice 
attiage PUDE that of “accept as kin by 
esearch) used in the Stein et al., 1965, 
Insko 4 d The southern samples of the 
So: Ph Robinson (1967) and the Robin- 
Pdicateq Inkso (1969) studies, however, 
lef Prej a greater degree of race than be- 
lype dire on most of the social-distance- 
rian deo which were based on 
€ndshj behavioral differential factors of 
mantie T nd social distance. 
cated differential scales generally in- 
fasko Pee belief than race effects 
asko, ion 1967; Robinson & 
th a 
E text ee which were designed 
"mulus le belief theory but which used 
nc lerent iae presentation techniques 
tt provid m those described above, did 
„leg T uniform support for the belief 
iie, i. enn (1961) presented stimulus 
s by religious, occupational, and 


Marea 
Marriage 
nsko an, 


acceptance a 


racial labels, asking each subject to imagine 
dividual to be of the same or 
different philosophy as the subject. Re- 
sults did not support the belief. theory, 
instead they indicated race to be the most 
important variable in determining prejudice 
on a variety of social distance scales (in 
contrast to similarity of philosophy, re- 
ligion, and occupation). In three separate 
Rokeach and Mezei (1966) 
interact with four confed- 
hite and one 


the stimulus in 


experiments, 
had subjects 
erates, two of whom (one w 
Negro) agreed with the subject and two of 
whom disagreed (on topics not directly 
relevant to race or race-stereotype issues). 
Using the subject’s choice of two coffee 
partners or two work partners as a measure 
of attraction toward the confederates, the 
experimenters were able to determine that 
more choices were made on the basis of 
belief alone than of race alone. Frequent 
choices of partners in combinations which 
could not be attributed to race or belief 
similarity, however, limit the degree to 
which those results can be interpreted as 
of the belief theory. In a study 
similar in conception to that of Rokeach 
and Mezei (1966), Hendrick et al. (1971) 
presented subjects with a videotape se- 
quence of two whites and two blacks dis- 
cussing the issue of the Vietnam war. 
Using measures of felt similarity, liking, and 
trait ratings as prejudice indexes, the 
authors found that the actors’ race had 
much weaker effects than their position on 
the war issue, concluding: “The results of 
the study provide substantial support for 
the Rokeach et al. theory [p. 255].” "Im 
fact, race may not be a very important vari- 
able at all [italics added, p. 257]" in deter- 
mining attraction. 'The authors note, 
however, that those conclusions do not 
extend to such measures as the "date my 
social distance item used in their 
which showed large race effects). 
and Mezei (1966) 
71) studies used 
f the stimulus 
ons than 
Rokeach 


supportive 


sister" 
research ( 
Although the Rokeach 
and Hendrick et al. (19 
more lifelike presentations O 
individuals and their communicati 
did the other reviewed studies, 
and Mezei (1966) used dependent measures 
which are more sensitive to belief manipula- 
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tions, as described above, and both studies 
used communications devoid of race-rele- 
vant content. With respect to this last 
issue, there is little value in manipulating 
belief issues which have nothing to do with 
racial stereotypes and prejudice. If white 
Americans feel antipathy toward black 
Americans based on assumptions: about the 
blacks’ beliefs, those beliefs wl 


not as 
likely be beliefs about the Vietnam war 
as about ambition, morality, cleanliness, 
dependability, etc. 


The race prejudice 
reduction achieved in the several studies 
which have used belief issues irrelevant to 
racial prejudice and stereotypes have prob- 
ably achieved that reduction partly because 


student subjects are generally somewhat 
reluctant to make responses which appear 
prejudiced, partly because their initial 
level of race prejudice might be very low, 
and partly because they may make unwar- 
ranted assumptions about the stimuli to- 
ward which they should respond. 


The differences in finding; 


s between re- 
searchers 


using different techniques to 
manipulate independent variables naturally 
provide the stuff of controversy. Logically, 
there appear to be an unlimited number of 
ways in which either race or belief infor- 
mation could be manipulated, making 
dubious the conclusions of studies which 
purport to show that one class of variables 
is more powerful than the other. Some 
researchers in the area have been aware of 
this problem, though such awareness has 
not always been apparent in titles which 
have ranged from “Two kinds of prejudice 
or one?"  (Rokeach et al, 1960), and 
"Race and belief: An open and shut case” 
(Stein et al., 1965), to “Race versus belief 
similarity as determinants of attraction: 
A search for a fair test" (Hendrick et al., 
1971). Responding to the logical demands 
of the situation, Byrne (see Byrne & Irwin, 
1969), who had himself once been in the 
thick of the controversy, concluded that the 
question of relative strength could not be 
meaningfully answered. As indicated in 
the review above, however, the debate was 
subsequently taken up by d y al. 
(1971), who concluded that UE y they 
had the "fair test," so that “while assess- 
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ment of relative power is difficult, the wae 
tion is certainly not meaningless. ae 
test was achieved through Sapp ma 
equating intuitively’? the re m. 
strength of the two independent varia 


ALTERNATE FORMULATIONS 
TO THE BELIEF THEORY 


» rela- 

Although the logical problem of ue E. 
tive strength of factorially presentec other 
and belief manipulations is serious, zort- 
aspects of the belief theory and its supr tion 
ing research are also weak. ‘The expos 
of these problems will be aided by the N 
sideration of a more complex men ix 

na 4 -t (1954) $ 

prejudice presented by Allport ( sory: 
years before the advent of the belief rae 1y 
Allport defined prejudice as “an ace i 
based upon a faulty and inflexible gen ere 
zation." Within the definition itself, athy 
is no clue as to the origins of that antip@ 
but Allport suggested that the bases fe 
legion, including fear of strangeness, nic 
needs to justify discriminatory or econ aa 
practices, various ego-defense needs O 1c- 
associated with guilt, and ego-defense fun F 
tions of projection and displacem®! " 
Often too, Prejudice was conceived by, at 
port to result from the child simply imité js 
ing the antipathies of : 
apparent th 
Prejudice is not completely harmonioU" 
With belief th 
port sug; 


: a 
€asons, Roken, 1960 
Suggest rather ec ak i the 
causal Sequence jg the Oocally th 
results E 


re from Perceived 
Thus, While the first v 
vg iomplex causal 
ani b i 
eoi. eing complexly related i? 
lief view Stiempee xa ionships um dd 
far simpler | mpts to ?XPlain prejudice on # 
a pter basis and ; pef eds į 
of man. ™plies a simpler vie" 
" The unidirectional belie i ol 
prejudice from antici ated cory ad r^ 
ences" implies that infor, Delief. diffe 
to correct belief mig n mation presente, 
sult in prejudice bein, ae ‘Ons should re 
o 


9tonical]y re 
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duce s 
that thig DUE social observation suggests 
erous mini. Hot occur. There are num- 
existing for 3 - of minority populations 
With no sha NS within majority cultures 
Maccurate anges n the majority's often 
this A mln s uie One example of 
myth of i niens is the persistence of the 
ar in the on ae sexual prowess so popu- 
hen, thas i 1 (Dollard, 1937). It seems, 
he cause of me erroneous beliefs that are 
Causal se bay ial prejudice (to follow the 
leories) a espoused by the beliet 
tradictory de not easily changed by con- 
Bests that TA evidence. This sug- 
resistant these beliefs, being especially 


Ney y B 

: night rec 

Justify ght result from needs to bolster and 

Which 

eco g 

Soda political, 
run Status needs 
Ae Levinson, 
T rt, 1954), 

: le eti E " 

affect Pre of which comes first, the 
Stereot. ejudice) or the cognitive support 

ype, or beliefs about beliefs) is a 


personality, 
(Adorno, 
& Sanford, 


Frenkel- 
1950; 


Chat 
s able ix 3 
So ved ^ issue, but might best be re- 
y admitting to mutual causal 
bles, especi- 


rela; 
&tion«l: 
al, ?nships between the varia 
'Ofcourse $ á A 
urse, if those mutual relationships 

It is curious that 
lops in modern 
f us 


E 


can | 
n be de 
this ¢ demonstrated. 


DSyc 


One 
e . * 
jg dalized at the level of 
Ca ect seldom occur in unidirectional 
relationships, but involve instead 


Com 
D À A 
plex feedback and interaction. Often, 


h 


Owe 

5 Ve , 

Side ape When a theorist demonstrates one 

ter that loop as his area of special 
ate by others 


Who 2 he is engaged in deb 
9f the TOR to emphasize the opposite pa 
te beceri this either-or-type debate tends 
SDecife id the issues. To return to the 
SPbroni rer it may, indeed, be quite 
; ele d suggest that the anticipation 
a We err. ferences causes prejudice, but 
i com n to stop there, other important 
Ps missed icating relationships might well 
dicate ^n lo PE cured in this paper 
at prejudice causes the antici- 


irt 


Í belief differences. That opposite 
causal relationship does not negate the 
belief view; we should visualize a relation- 
ship of mutual influence between antipathy 
and expectancies about beliefs. 


pation o 


A THEORETICAL RESOLUTION 


The theoretical position of this paper, 
then, is as follows: While research support- 
ing the belief theory indicates that preju- 
dice is based on or caused by the antici- 
pation of belief differences, certain real-life 
d other psychological evi- 


observations an 
her complicating 


dence suggest that some ot 
factors influence the dynamics of prejudice. 
The research reviewed above, which has 
often been cited as providing apparent evi- 
dence for the belief theory (Insko, 1967; 
Kirscht & Dillehay, 1967), fails to with- 
stand this argument both on the logical 


grounds explicated above and because cer- 
ing factors, present in 


tain critical complicati 
real life, have been absent from those re- 
search efforts. 

It could be argued that the intent of all 
psychological laboratory research is to 
isolate certain critical variables from the 
complications of real life, and that our con- 
clusions are always tempered by an implied 
“all other things being equal.” This is a 
justifiable approach, but it requires that 
when we interpret the significance of our 
findings for the real world, we temper them 
with the qualifications that they have come 
from relatively artificial and contrived 
situations. This tempering has not been 
applied to the belief theory research. The 
belief theory researchers, having investi- 
gated prejudice from few limited paradigms, 
have stacked the experimental deck to 
prove that belief differences account for it 
all. The two experiments presented in this 
are an attempt to demonstrate how 
one might “unstack” such experiments by 
using belief information which is very 
relevant to race, by presenting that infor- 
mation in a more real-life-like context, and 
by using dependent measures which pro- 
vide a broad range of prejudice indexes. 
Even when all this is done, of course, it is 
still illogical to try to assess the relative 
influence of race and belief. 


paper 
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The hypothesis underlying the research 
of this paper is simply that it is not possible 
to consider realistic and racially relevant 
belief manipulations to be independent of 
the race manipulations; these two types of 
variables are, when realistically presented, 
interactive. And that interaction is ex- 
tremely (perhaps hopelessly) complex. As 
information is received, the degree it will 
be differentially interpreted by different 
listeners will depend on the manner of in- 
formation presentation (is interpretation 
possible, or is a checklist of attitudes pro- 
vided), the specific nature of the informa- 
tion (does the listener have race-relevant 
preconceptions concerning this specific 
topic), the salience of the race differences 
(did the term “Negro” appear on a form, 
or has one seen the individual or heard his 
voice), and the prejudice level of the 
listener. The research discussed in this 
paper was designed to illustrate part of 
this complexity—to demonstrate that a 
communicators race and communicated 
information do interact, or that the manipu- 
lation of race influences the interpretation 
of information. 
Consider again the research which has 


been applied to the question of race versus 


belief. The two paradigms which have 


tended to consistently support the belief 
theory (the simple statements of Rokeach 
et al., 1960, and the attitude checklist tech- 
nique originated by Byrne & Wong, 1962) 
both used belief presentation techniques 
which permitted the subjects very limited 
latitude for interpretation. Had that in- 
formation been presented in a more life- 
like or equivocal form, it would have been 
more possible for the subjects’ race preju- 
dices to have influenced their understanding 
or interpretation of the information, with 
the result that relatively greater propor- 
tions of the variance in those studies would 
have been contributed by race variables. 
'The possibility that the results might be 
quite different when information presenta- 
tion techniques are different, perhaps more 
lifelike, will become more evident with the 
presentation of the data of this paper. 
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RESEARCH SUPPORTING A MORE 
CoMPLEX RELATIONSHIP 


These data were derived from two sep? 
rate research efforts, the first conducte 
with middle-class women in Roches m 
New York, the second with universi n 
students in Lincoln, Nebraska. Althouse 
the first study was a complex study con 
cerning a variety of questions pee 
to prejudice, only that portion of its wie 
relevant to the present issue and to 
Lincoln study is discussed. that 

The hypothesis of the first study was dáng 
if an individual were overheard. i-o 
about himself, and about his beliefs, heir 
degree to which subjects would rate t ild 
beliefs as similar to the speaker's Mert 
depend on both the apparent race and p 
of the speaker. Since the results of qe 
research influenced the development of the 
second study, a preview of the results 9 -Jas$ 
first is necessary here. While lower-¢ ih 
status of the communicator resulted in a 
subjects’ seeing their views as being lea 
similar to the communicator across mon 
belief issues discussed, race had a md 
more variable effect, obviously interact! h 
with the Specific belief issue, sometime 
influencing the listener toward great" 
agreement with the black speaker (cor 
sum, fe White communicator): Me, 
Ps uencing in the opposite es T 
the stimulus faa that agreement e 
ividual appears to res sof 
à ‘raction of the specific bel! 
je with race, is'sitiilar te SP finding? 
(Dieüsthier, 1970) thar to other Bac cn 
the specific soc; : 


same subject 
dividual, 


ife : asure. J 
pecific Sig rom fhe Hest stud? 
r's dis Second concerned t^ 
Scussion of integrati 
early for Statements 
: ack people af 
together" fou” 


His very ¢ 


is Onser 
think it’s too ME 


white people to 

greater subject agre 

iem E emer s. D 

jects of that study ir thie gy Che white 83 J 
čer were p 
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cei 

fuse bik than if white. The second 
more e il a srenpt to determine whether 
Dower Ses y acial information (a black- 
threatening T would be more consistently 
communicat rom a black than a white 
the first Si s In the second study, as in 
low silar bag aie measures indicated 
attitudes fa K eben perceived his own 
abeled con lose expressed by the racially 

immunicator. 


Method Srupy I 


Subjects, "p 
experiment The 74 women who participated in this 
newcomers were drawn from a women's club for 
White bei the Rochester area. Subjects were all 
Most wer arderet from middle-class backgrounds; 
€ between 25 and 40 years old. The sub- 


Jects 

5 voluntee ie à 5 

return foe to participate 1n this rescarch in 
ch participa- 


[Ple esneari ipate. 
the experience gained from $ 
jects w x from Vincent Now 
i ere randomly assigned to the four con- 


ions 
red the experiment. 
assigned ie procedure, After being randomly 
torium, i o one of four areas in a 360-seat audi- 
Mental, instructions were read to all four experi- 
informed thes simultaneously. Those instructions 
In two st bs subjects that they were to participate 
9n mood udies, one of the effect of “TV blurriness" 
audio o the other concerning the evaluation of an 
that eho nlY) interview. The subjects were told 
Video e person who was the subject of the silent 
Would Bie was the same person whom they 
Plaineq i sequently hear interviewed. It was ex- 
Interyic hat it would be helpful to know what the 
Visualize te looked like in order to be able to 
b rines him during the interview; since the video- 
the su F5 study was to have been done anyway, 
the ex: Jects were told that it was time-saving for 
Nigy es menter and the subjects to have the inter- 
The aaa video sequence. dae 
eck lim then filled out à Mood Adjective 
Minute -ist (MACL; Nowlis, 1965), saw the one- 
the fo Video sequence which differed for each of 
Urtaing groups, and filled out a second MACL. 
See ei erected in the auditorium allowed subjects 
In à my the one TV set in front of their group. 
Present, ‘Our video sequences the same actor was 
White eh dressed, and made up to appear as either 
OWer-cla Negro, and of apparent middle-class or 
Paint Rees status. The race change involved grease 
Class chan a neatly trimmed Afro wig. The social 
qut to Sik Gees only a clothing change from 
wine” of pep A between-groups factorial 
y | fach subject ae Status was thus effected, 
on] Sequences. eet seeing only one of the four 
ou. to effect the race he pes of the video was 
Consi ences ere E qund class manipulation, all 
ais of adul a action as possible, 
and sitting down. of the man entering a 


ion a 
* and f 
Subj for a lecture on s 


dit; 


Since all the subjects in each group had been led 
to believe that they saw the same stimulus individual 
as had the other subject groups (the TV sequences 
supposedly differing only in blurriness), it was possi- 
ble to present the same (audio only) tape-recorded 
e stimulus individual to all subjects 


The interview was presented as 
lus indi- 


rview of a male stimu! 
ling student. 

‘es on another popula- 
adequately con- 


interview of th 
simultaneously. 
being a training inte 
vidual by a female counse 

Pretests of the TV sequence: 


tion indicated that the actor was 

vincing as either a black or white man. (A great 

deal of selecting and pretesting was required to find 
hite.) 


voice was believable as black or w! 
al check on the suspiciousness 0 
aspect of experimental credi- 


a man whose 
A postexperiment 
the subjects on that 
bility was also conducted. 

The interview lasted about 15 minutes, 
topics discussed by the interviewee ranging from 
interpersoné amily and friends 


relationships with fe 
to more abstract questions concerning political 
participation, 


crime, rioting, and integration. Gen- 
erally, the interviewee was rather dull and negative. 
Following the intervie 


w, all subjects answered 
scaled items which pertained to the felt similarity 
of their beliefs to those expressed by the stimulus 
individual. The purpose of the similarity items was 
to measure the subject's felt similarity to the beliefs 
expressed by the interviewee. Subjects were asked 
to “Please rate the man who was interviewed, Mr. 
Jackson, on the similarity of his views to your own.” 
The instructions stressed that “In all cases, you will 
find it possible to answer the questions from your 
memory of your impressions of the interview you 
heard." Sixteen concepts that had been discussed 
in the interview were rated, including occupational 
ambition and stability, marriage fidelity, cleanliness, 
honesty, loyalty to friends, adequacy of encourage- 
ment for his children, educational 


ambition, eco- 
c wisdom, political interest, reasonableness of 
al punishment, b: 


alance of views on 
n, and the degree to which he 
and superstitious. 


with 


nomi 
advocated crimin 
rioting and integratio 


drank, was religious, 
cept was ated on a 7-point scale with polar dimen- 


sions of “identical” and “opposite.” Following the 
last of these scales, one scale asked the subjects to 
rate the overall similarity of their beliefs to those 
of the stimulus individual. 

Following written instructions on their use, 13 
modified behavioral differential items (Triandis, 
1964) representing factors of formal social accep- 
tance, friendship acceptance, social distance, and 
subordination were included. These were presente 
in the same 7-point form previously described, with 
polar concepts of “would” and “would not.” 

The behavioral differential scales were followed 
by a 7-item updated Ethnocentrism Scale (Adorno 
et al., 1950) taken from the “Other Minorities and 
Patriotism” section of the “suggested final form” 
of the Ethnocentrism Scale. Items were updated by 
changing references from "'zoot-suiters" to “hippies,” 
from the League of Nations to the United Nations, 
and from the “secret of the atomic bomb” to “mili 
tary rockets ” Sections pertaining to ethnic minori- 


Each con- 
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ties were not included, since it was expected that 
some Jewish subjects would be participating and 
since not all subjects were exposed to Negroes in 
the experiment, possibly resulting in differential 
sensitization to Negro items. 

The last page of the questionnaire booklet con- 
cerned suspiciousness; subjects were asked questions 
ranging from general ones of whether they noticed 
“anything special or unusual about the Iv presenta- 
tion" or about the interview, to specific items con- 


cerning the probable occupation of the interviewee 
and his race. 


Finally, subjects were asked to 
comment on the overall goals of the experiment as 
they saw them; a series of specific questions designed 
to detect suspiciousness of all critical aspects of the 
experiment followed. 


With the completion of the questionnaires by the 
subjects, the experiment was over. The major aims 
of the research and the necessity for the race and 
status deceptions were then explained to the sub- 
jects in an extended debriefing. 


Results 


Of the 74 subjects who finished the ex- 
periment, 18 were eliminated for suspicious- 
ness of the race manipulation, gross mis- 
identification of the race of the stimu- 
lus individual, or the failure to follow 
instructions. 

Although subject attrition did not vary 
between conditions, the loss of subjects 
resulted in unequal numbers of subjects in 
the four conditions of the experiment and 
the analyses of variance which were per- 
formed on the scale data were of the un- 
weighted means type (Meyers, 1966). 
This design allowed the use of the data of 
all the subjects who were not eliminated for 
the reasons stated above. 

Generally, as indicated in Table 1, the 
hypotheses concerning the effect of per- 
ceived class status on the effect of the be- 
lief material were confirmed for 13 of the 
16 belief issues (in direction of effect, but 
not statistically significant), beliefs being 
rated more similar if attributed to the 
middle-class stimulus person. Statistical 
significance (p < .05) was found on four 
of those issues concerning ambition, occu- 
pational stability, loyalty to friends, and 
aspirations for children. A composite 
similarity score based on all 16 issues also 
showed a similar significant class effect. 
All three scales which indicated a reverse 
from hypothesis were nonsignificant. 
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Racial influences on belief similarity € 
ings were not as consistent, In fact, 110 
the 16 independent belief-topic items 10- 
dicated a trend opposite to the hypothesis, 
with greater rated similarity in the com- 
municator-Negro than in the communi- 
cator-white conditions. The P ratio of 
than 1.0 for the composite (of all the beliet- 
topic items) similarity score also reflected 
the inconsistent race effect between the 
similarity sc: 


des. Of the three items which 
indicated statistical significance based en. 
the race variable, subjects agreed more with 
the white stimulus individual's views con” 
cerning aspirations for his children, but more 
with the black individual's views on integre. 
tionandreligion. Since the integration m s 
is of major importance for its implication 
for the second study of this paper, it V! 
be emphasized here. " 
The portion of the interview pertaining 


x 3 -ejudice 
to the stimulus person's views of prejud 
was as follows: 


Stimulus individual: I think sometimes it’s too 
early for whites and blacks to live together: c. 
don't know—sometimes—maybe it’s too early s 
that, for integration. 


Interviewer: But don’t you think we should try now 
anyway? 


Stimulus person: Sometimes it seems like 
shouldn't, I don't know, 


we 
The mean rating of similarity if the 
stimulus person was black was 4.0, 2.7 ! 
the person was white (based on a 7-point 
scale, the higher score indicating greater 
similarity). 
Of the 13 behavio i ay 4 s 
a ral differential item 
used to assess socia ases 


neighborhood" an 
a d h 4 
some to class diane ae by marriage’ ) 
a8 RD equal," and “Would me Would Diei 
of") and one to both (“ mire the i id 
next-door neighbor” ould accept as ? 
sensitive to neither r $ 


~ ome items were 
inall ith; ace nor çl 

re within-condition ass, ] í 
the Ethnocentrism Scale , relations © 
ie bse the subject’ ae for each 
army TeUnDES Of the ac Mposite simi- 
Cus ^u Se s 4 
indicated that all such cun us individual 
the predicted directions RA ations were in 
» alth, 


9ugh not quite 
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TABLE 1 
lif SD» ‘le Niwas 
rupy I: Meas RATINGS OF THE COMMUNICATOR AND SIGNIFICANCE TESTS 
By RACE AND STATUS CONDITION 
F 
Scale White | White | Negro | Negro _———— cA m 
lower middle lower middle Xa Ch 
a ass 
—— (R) © | BE 
Similarity scores 
Ambiti 
on "i 
alea SEAT ass 149 | 179| 1.20] L37]| 110 416* | 125 
*. Marital fai ity rag | ga | feo] oar | i128 | MO | Se 
Onesty aithfulness 730 | 3.00 | 310| 3.62} 122 «1 <1 
Loyalty 337| 4.29] 3.50 | 462 <1 3.76 «1 
Educa tio, 337 | 3.93 | 2.90] 469 «1 5.36* | 1.48 
derliness 131 | 186] 1.60] 1.31 <1 <1 2.21 
dejes as 269 | 2.93 | 190] 325] <! 338 | 1.64 
Ee 200| $44 | sid] 247, = zi | 4.84" 
Politic tions for children 1.37 2.79 1.10 1.44 4.32* 5.02* 1.89 
„Crimi E 200| 2.71 | 230| 250 «1 1.20 «1 
Riots nal punishment 7.69 | 3.50 | 3.00 2.31 | 1.24 <1 3.65 
Religi 269 | 264] 240| 206 | 167 «1 <1 
A u $50 | 136| 250| 300| 8:28% <1 <1 
rin ernatural 355 | 2.50 2.80 237 «1 «1 «1 
tegen’ 241 | 314 | 2.90] 394) 180 347 <1 
Rean Zo | z5b| a40| 356 | LIT" 125 | 1.01 
omp Similarity scale 156 | 214| 210] 225 243 2.18 «1 
Osite similarity score 36.19 | 44.57 40.50 | 45.25 «1 4.60* «1 
vnd 2 
Behavioral differential scores 
Treg r 
mias Subordinate 4.69 | 4.00 | 350] 3.75 | 220 <i | <1 
Accepting ideasol i44 | 221| 1.70) 287) 13 597 | <1 
nvi eS a intimate friend iaa} 200] 130] 200) <1 3.72 <1 
Treat 2 MY home 362 | 307| 420] 269%) 10 <1 <1 
Elect t5 an equal 106 | 6.00 | 400 | 5.00 1.10 s.40** | «1 
Exclug, Political office 106 | 1.00] 100] 175) z5 — — 
maade from my neighborhood 1.06 gso | as0| 5.00 | 22807 | T7 145 
Morse my club 369| 321| 220| 2.44 7.60** «1 «1 
Eat PE as close ki arna 191| 443| 2.80] 294 L589 | «1 <1 
mH sain ae ol eer | Giu] 500 | 949 | 22 <1 xal 
Pt as next-d ighb 344 | 6.00 | 2.60] 525 12.78** | 10.25** | 4.33* 
cept asa leader negna 112 | 12i | 1.50] 2:00 4.33* 1.12 «1 
Derate with in a community project 475 | 543 | 510 5.81 «1 1.82 «1 
ioral differential composite score 4844 | 51.21 | 39.60 | 48.69 3.08 3.36 <1 
e to a lack of homogeneity of variance; a chi-square test of the 
f 10.34 (df = 3, p = .02). 


nificance test from analysis of varian 
mum versus nt 


a the number of mini 


1, 


Teg, a Nosi 
$ based 


ob = 
*b c0 


Signi 
o ini at p <.05. Correlations of 
Cator 43, —.34, and .06 for communi- 
Negro Shaiinas of Negro lower class, 
White n class, white lower class, and 
at hide = class, respectively, indicate 
S req ee au jects’ ethnocentrism tended 
UR net on felt similarity with the three 
Dority" communicators, no such ef- 


ce was possible due to : 0 
onminimum ratings yielded a chi-square o! 


fect existed for the white-middle-class 


communicator. 
Srupy II 
Method 
Subjects. 


University of Nebr: 
ho volunteered to participate 


Subjects were 122 white male and female 


aska basic psychology students 
wi in this study in 
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order to partially 
tion requirement. 

Design and procedure. 
that the procedure was 
technique and th 
various topics or 
by indicating “h 


fulfill an experimental Participa- 


Subjects were informed 
an attitude measurement 
at they would hear a person discuss 
n a tape; they were then to respond 
ow much you agree or dis; gree with 
the speaker, and how much you think you might 
like him. . . .this is really a survey of your own 
attitudes on the topics di 
Before the tape was 
Structed to read part of 
which was included ir 


ack in white 
oh pertaining 
about to hear. 


speakers, and 
aph biographical sketch of 
mposium speakers, The flyer was 
the same for the four Race x Status manipulations 
except that the description of the second participant 
varied. "That critical paragraph was circled by hand, 
with the accompanying notation “read thi 
this speaker will be h 


ction— 


card on tape" hand written 
beside the Paragraph. The Paragraph, in its four 
variations, appears below. 


White lower class 


Thursday, 11:00, Mr. 
Donald Lindzey on 


“White Racism, Black Re- 
sponse.” Mr, Lindzey grew up in rural Arkansas 
where his family worked as sharecroppers. After 
reaching the eighth grade, he contributed to the sup- 
port of his family by working at odd jobs until join- 
ing in voter registration drives in Mississippi from 
1966 to 1968, Largely self-educated since then, Mr. 
Lindzey has been one of the few active 

lecturers on the lopic of black power during the last 
few years. His speaking has taken him through- 
out the United State including the 


while 


Deep South, 

White middle cl "Thursday, 11:00. Mr. 

Donald Lindzey om “W hite Racism, Black Re- 

sponse.” Mr, Lindzey grew up ina suburb of Little 
Rock, Arkansas. 


His father was 
attended. the University of Michi 
majoring in Sociology. Me left 
to participate for two ye: 
drives in Mis. sippi. 


a lawyer. He 
gan for two years, 
Michigan in 1966 
ars in voter registration 
Mr. Lindzey has been one 


His speaking 
ed States, in- 


"Thursday, 11:00. Mr. 


"White Racism, Black Re- 
sponse." Mr. Washington grew up in rural 


Arkansas where his family worked as sharecroppers. 
After reaching the eighth grade in an all black school, 
he contributed to the support of his family by work- 
ing at odd jobs until joining in voter registration 
in Mississippi from 1966 to 1968. Largely self- 
ducated since then, Mr. Washington has been 
re in lecturing on the topic of black power 


a te 
i T sented here only to accentua 
3 lics are presente: i um 
aa differences between paragraphs and were n 
dacluded in the study manipulations. 
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z cen 
during the last two years. His speaking eee 
him throughout the United States, includi 
Deep South. i Mr. 

Black middle class: "Thursday, 11:00. E 
Howard Washington on "White Racism, a pre 
Response." Mr, Washington grew up Arkansas, 
dominantly white suburb of Little Rock, s in the 
where his family was the only black Jemo 
neighborhood. — His father was a Lene sears, 
attended the University of Michigan for MMC 
majoring in Sociology. Me left Michigan In red 
to participate for two years in voter i wei been 
drives in Mis: ssippi. Mr. Washington dup 
an active lecturer on the topic of ipae Dd 
during the last two years. His speaking has t 


S à ing the 
him throughout the United States, including 
Deep South. 


lass 
That manipulation of communicator's race er) 2 
Status formed, with Sex of subject, a 2 E 
factorial design. as were 
For this second study, two different is dee 
made, one attributed to a black man named um 
Washington, the second to a white man ki this 
Donald. Lindzey. Several factors prompt ult 
change from Study I. First, it is extremely ly con- 
to make a single sound tape which is ng i 
vincing as that of a white or black speal d with 
the introduction of vocal differences associatec nipt- 
race would increase the power of the race me more 
lation. It was felt that these considerations cperi- 
than balanced the advantage of the clean MET 
mental interpretation allowed by the inge ? 
manipulation. The Procedure nece: Be ^ 
course, the running of two separate groups O! itical 
jects, each hearing only one of those two cri 


: RIT selection 
audiotapes, Attempts to eliminate any SE 
bias between those two groups included sched 
both s 


on 
" t whe 
ons at a time in the late afternoon WP 
classes were fi 


rare ie 
ew, and running the two sessions Rate 
the second following immediately after the eré 
Within each group, subjects of both gores Me 
randomly assigned to the status conditions. Str io- 
uous attempts were made to equate the two au ily; 
tapes on overall quality and emphasis. Specifica," 
although the verbal message was quite controversa” 
both speakers maintained a calm and paced delivery? 
this seemed appropriate in view of the fact that th* 


speech was supposedly delivered and recorded at # 
university symposium, 

The opinions on which subject agreement wa 
assessed had all een pretested the previous 
semester) in written form for agreement Erit an 
independent sample of basic Psycholog. tudents: 
It was thus ascertained that a fairl ae ES 
statement acceptability Was achieved, bow In c. 
ranged from 4.95 to 2; , respectivos, ( gree: mint 
belief similarity Scale from “ident ly, On a 7-po ji 
for items of “Black People qo 5 ical" to opposite 
with white people" and "jj. DOR Want to move m 
from white people Should go, O every tax dolla 
tion, black social sı 


Crvices, and bU Dort black educa- 
The tape recordin, lated te culture”) 
minutes, though Subject, = 


*PProximate] five 
x B Were 5 Sy 

sion that it was only the Aret SÀ pu ihe impres 
"t of the com- 
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Speech which was played for them. 
I, the topics of the speech were re- 
The -- the black minority in a white 
adings ange of topics can be seen by the 
ES on the first seven items of Table 2. 
s played, subjects were instructed 
eis m uiet questionnaire booklets 
Irene je scaled. items. related to the 
told subje ds for the opinion similarity 
à iews to h » fo rate the similarity of your 
ee your rati 2i views on the following topics. 
On Lor Mr. iu on what you heard Mr. Washing- 
Ratings Were -indzey] say on the tape recording.” 
Scales with made on the same Lykert-type 7-point 
©PPosite” fo adjectives of “identical” and 
and in Stidy 1 ene: used in the pretest for Study 
gus d The last of those es asked 
ues to those at of the general similarity of their 
aj Does of Sie apenas sao di 
Nus social distance and behavioral differ- 
Were empleo Imilar to some of those used in Study 
.9 "assume Ma with instructions to the subjects 
act With ae you had the opportunity to inter- 
question" um in the manner suggested by the 
ales form Those 
Aft 


item he. 
to Mter the tape 

turn to the 
Which Gon 
Speech, 
tating 
own y 


SUE: 
Ubjects for 
a 


in responding to those items. 
A^ nii the last five items of Table a. . 
ion IR Out that form, subjects were given a 
ET meang to assess suspiciousness COn- 
ained du Sepan in the study. The form 
Planations hat subjects often “form their own ex- 
Menter jg « or hypotheses about what the experi- 

S really’ after," and asked a series of open- 
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ended questions about what suspicions the sub- 
ject had formed, how certain he was of those 
suspicions, etc. 

Subjects were debriefed concerning the true nature 
and purpose of the experiment. 


Results 


Of the 122 subjects who took part in the 
experiment, two were eliminated for suspi- 
ciousness that the tape recordings were not 
real. Subjects were randomly eliminated 
from seven of the eight cells of the analysis 
of variance design to achieve an equal num- 
ber of subjects per cell, bringing the number 
of subjects used in the analyses to 88 (there 
being 11 subjects in the smallest cell). 
It was felt that the rather large number of 
subjects still in the design would provide 
an accurate assessment of the independent 
variable effects without necessitating the 
unweighted-means-ty pe analysis used in 
Study I. 

Table 2 
Study II. 
ables by subject sex 
that table since sex was never 


presents the major results of 
Results of communicator vari- 
are not included in 
a significant 


TABLE 2 


THE COMM UNICATOR 


AND SIGNIFICANCE TESTS 


Srupv II: MEAN RATINGS OF 
Ü D V STA NDITION 
goes ny RacE AND SrATUS CONDITI 
F 
/hi i Ne N DER UNES URL 
Scale Ys [trade p tora Eac tano ER 
(R) K) 
Similarity scores 
Whi 
ic 
Blac’ 5 desire for integrati 427 | 414 | 341 | 441 gi 181 | 3.14 
WEEK'S desire for egies 42 | got | $91 | £09 | 23€ | 196 | «i 
Blagg cism in American education 446 | 4.77 | 3:73 | 436 | 236 166 | «1 
Justiz? light to grab what's rightfully his | 3-18 4.00 | 3.14 | 2.86 2.47 <1 | 2.10 
Ri fs for blacks in America 4.82 5.36 4.18 441 4.75" 1.12 <1 
Whi d 8 and burning by blacks 323 | 3.55 | 2.00 | 1.86 15.50** xd | <4 
Genera Port of blacks through taxation 3.36 3.91 3.59 3.05 «1 PSI 248 
“ Sunilarity of your values 3.55 3.95 2.82 3.23 4.83* 1.53 «1 
— Social distance scores 
Imi] - 
i ing ipto un 345 | 3.68 | 218 | 2.68 | 1323** | 1.35 «1 
Would eleet to sdi 4109 | a55 | 3.00 | 350 | 7.65" | 1.99 | <i 
Ny Ould aac, fo political office Som | gay | 232 | 259 | Bese | et | SS 
Daja acceptae close ue by marriage Xas | 47 | 255 | soe | 14325* | 285 | <1 
cept as a next-door neighbor 5.41 5.44 3.82 5.05 6.45* 62 | 2.25 
an? «.05 
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interactive variable with race or class. On 
12 of the 13 similarity and social distance 
variables, women subjects tended to be 
more accepting and to see their beliefs as 
more similar to the communicator's re- 
versing only on the issue of election to 
political office. The only statistically 
significant effects related to sex were for 
the liking-if-met item (mean liking 
women = 4.20 compared to 3.41 for men, 
F = 4.61, df = 1/80, p < .05) and the 
accept-as-kin item (mean accept 
women — 4.30 compared to 3.41 
F = 451, df = 1/80, p < .05), 
Unlike Study I, 
the most consisten 


by 


ance by 
for men, 


in which status seemed 
tly reliable determinant 
of agreement variance (the communication 
in Study I did not largely concern race- 
relevant issues), the results of Study II in- 
dicated that communicator's race was the 


Single most powerful influence on variance 
for the similarity 


and social distance scales. 
That finding is indicated strongly by 
greater agreement with and liking for the 
white communicator in every one of the 
13 scales used in Study II. This race 
effect is significant for three of the eight 
similarity scales (including the general simi- 
larity item), and for all five of the social- 
distance-type measures, 


Although the direction of the status 


differences were consistent with those of 
Study I, with the middle-class communi- 
cator receiving more favorable ratings on 12 
of the 13 dependent measure scales, the 


differences are not statistically significant 
on any measure. 


Finally, there are no statistically signifi- 
cant Race X Class interactions, 


Discussion OF THE DATA 
Between Study I and Study II, differ- 
ences existed (a) in the manner in which 
independent variables of race and status 
were manipulated, (6) in the content and 
style of communication delivery, (c) in 
some of the dependent measure scales, and 
(d) in the characteristics of the subject 
i ised. Yet, if the findings of 
opulations v 3 i S O 
E i broadly considered, it is 
he two studies are 
ive re and contrast those 
possible to compare 2 
findings. 
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:on of 
Across both studies, the manipulate ls 
social class status resulted. in m 
rating their beliefs as less sitailer e 
lower-class communicator, EC 
the middle-class communicator. T two 
discussed in the two scripts of " ossible 
studies did not, of course, eo: urs , 
and likely topic areas, and d made 
while the script was purposefully »^ for 
race relevant, no such effort was mi e, 0€ 
relevancy to social class. Therefore gs 
spite the consistency of the class d topics 
it is expected that one could ia which 
for such research presentations d fin 
even middle-class won vor-class 
more agreement lowe 
communicator. 


subjects 
with the 


and 


Ne A dom race 
Within Study 1, communicator ! that 


communication topic interacted, = wit 
some issues induced more agreemen srs T€ 
the white communicator, while oer d 
sulted in the black receiving more God 
ment. The complexity of the ARM an 
between communicator characteris ao 2 
communication content is, therefore; yarr 
evident with respect to race than oe a | 
ables. By restricting the range of we race” i 
used in Study II to a single class 0! tth 
relevant issues, it was predicted tha in 
irregular race-topic interaction foun tent 
Study I would give way to a agence 
unidirectional race effect; this was see t 
in Study II as the consistent tendency ne 
agree more with (and to like more) 
white communicator. og jus’ 
Taken together, the two studies aot 
trate that expectations which su hos 
have about class are different from t jon 
about race, and that a communica’ 
which is relevant to class and/or races p 
Which is presented in a fashion which P“, 


mits interpretation latitude, interacts 
unique ways with 


those variables. 
apparent from Study I that these inte 
actions between information content 4 
communicator-charaeteri i variables ar 
i ect charact 
ciated with €xpectencies, 
types relevant to those com icat? 
characteristics; this relations] 1 dd 
trated by the pattern Shan P Was i ne 
tween subject ethnoceng Telations 


rism and fe 


MT o 
eristics aso” 


pe 
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Similarity 
pic equas the communicator. It is 
of Study ] n pauanary from the results 
as TEA € simple formulation such 
€ Tannenbaun poca theory (Osgood 
Valences at ort 1955) based only on the 
e0tiimunicatio ie communicator and the 
Plex ways ‘hi cour account for the com- 
communicator s higli communication and 
illustrated a laracteristics interact. As 
and scis] , jou: behavioral differential 
Studies of Tos PREECE measures olf both 
ier, 1970; "emadis well ae by Dienst 
avis, 1963) rina 1961; Friandis X 
Would be n a 1e degree to which prejudice 
dicated as due to status or race 


atten; een the suspicion that some 
Hiper 1 crept into the (reviewed) 
ol ae Dedit with respect to the 
bees - ag measures. Prejudice 
dejender operationally defined by 
i ie nann measures which have 
ulation more sensitive to the belief 
9 suggest, ; than the race manipulation. 
race-sensiti as did Mezei (1971), that a more 
Would he ive measure is unfair since it 
Perceived related to and confounded with 

his, a pressure is on the one hand 
tile on the 1e complexity of. prejudice, 
es that Ca e other denying the importance 
Simple mplexity since it does not fit the 

er belief theory. 


lief 
Choice 
las of 
Some 
Prove 
mani; 


a 
Wl 


I à 
MPLICATIONS FOR A REV 


T] BELIEF THEORY 

1e AN ; . 

lat belief theory of prejudice suggests 
an individual to be 


Mac Mei we perceive 
di den ve make assumpt 
Vhic beliefs—it is these assump 
` ie scm for our negative feelings 
livid discriminatory actions toward that 
ition, Ps Not spelled out in this formu- 
i lon Pohl nap d obvious, is the sor 
ü Sumption PA belief areas about which 
me indi idu are made will be relevant to 
v T = ual’s race, or our stereotype of 
Necessarily ae a black person we will not 
d an an 3 tenus that he is a communist, 
a buda or that be believes anec- 
“riment ence is more valuable than ex- 
ntal psychology in providing reliable 


ions about his 
tions 


Rather, the belief dimensions 
ht base our discrimina- 
tion would be relevant to our stereotypes 
about individuals of that race, and would, 
therefore, be solidly in the areas about 
which we anticipate nonconsensus with 
those indiviuals. It makes little sense, then, 
to attempt to demonstrate that racial dif- 
ferences of stimulus individuals have little 
power to influence us when those stimulus 
individuals are equated on a host of ir- 
levant beliefs (as has been done so often 


cited belief theory literature). This 
ce is not 


information. 
upon which we mig 


re 
in the 
exercise can only show us that ra 
interactive with those belief issues, and 
that subjects are reluctant to respond 
negatively toward a racially labeled stimu- 
lus person without some justification or 
that they have no racial prejudice to begin 
with (or are reluctant to show it), or that 
they are making unwarranted assumptions 
about what they sho 


uld respond to, or 
that they do not believe the experimenter. 
It is apparent that the theoretical and 
ntal considerations are (or should 
be) more complex than suggested by the 
unidirectional conceptualizations of the 
belief theory researchers. The attempt to 
account for complex constructs like preju- 
dice on the basis of a single underlying 
principle cannot succeed. This pattern of 
theory construction represents a Way of 
conceptualizing human behavior whose 
roots lie plainly in an oversimplistic view 
of man. N 
It may indeed be true (and quite appar- 


is so) that one's assumption that 


ently 
another individual will not validate one's 
belief systems will dispose one negatively 


toward that person. But it is equally 
true, as evidenced by the present research, 
that when the belief information is relevant 
to racial issues, those assumptions of dis- 
similar beliefs are not always simply and 
quickly allayed by the presentation of 
belief information. It appears from this 
data that assumptions about belief differ- 
ences are caused b prejudice (read antip- 
athy or negative affect) just as it is also 
apparent from the belief theory research 
that prejudice is caused by assumptions 
about belief differences. In the first case 


experime 
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the negative affect may 
ber of reasons, as 
(1954) and discusse 
to this paper. 


exist for any num- 
indicated by Allport 
d in the introduction 
We are not left with a 
choice between either race (i.e., responses 
to race not based on belief issues) or belief 
to account for prejudice, 


There may in- 
deed be times when a g 


reater reliance on 


Oncepts so different 


in structure that they can Neither be logi- 


cally compared for relat 


ive Strength nor can 
they be heuristically seen as hierarchically 
arranged. They hold, instead, relation- 


ships with each other m 


ost fruitfully seen 
as mutually 


causal or interactive, To lose 
sight of this mutual causation is to over- 
simplify the area of Prejudice, with the 
ultimate result that our laboratory studies 


will have less and less relevance for the 
real world, 
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A STIMULUS-SAMPLI 


Asbury 


A 


somatic form 


ment Was presented in ay 
Rema for the major relevant v: 
ani extinction, and it w: 
EEA where it does not occur. S 

ssed as were the model's relationsh 


Stimuly ; 5 
o adequenbling theory has never been 
y £6; ly account for the increased 
forcement extinction following partial 
^ called "e acquisition, com- 
mh epaldi' partial reinforcement 
[o dUentia] efr m (1966) hypothesis of 
Or the ania s has been able to account 
E! statemen a orcement effect; how- 

Bling iod : ne theory as a stimu- 
ages. On el has several potential 
a a ue a model has been stated 
NS, a mati axioms in stimulus-sampling 
On mode 1ematical or computer simula- 
and thi of the theory can be constructed 
eee of building such a model 
à assumption to be stated ex- 
ted, "d the model has been con- 


À 


i be Since quantitative predictions 
S^ e made with such a model, one 
or €r position to evaluate how well 
Y accounts for the data. If the 
Ons are wrong, the model can often 
s pd and new predictions made to 
* modification has enabled the 
Otesk account for the data. 

Su haa and Hendrix (1971) proposed 
l96¢) ^ mulus-sampling model of Capaldi's 
Sequential interpretation of the 
Node] weinforcement effect. Although the 
5 eriment briefly presented there with an 
Space m to test one of its predictions, 
utations restricted discussion of 


ab 
e 


Partial 


1 
R 
1 eques ý 
Con Oteskey for reprints should be sent to Ronald 
e ey, partment of Psyc! / 
Be, Wilmore, Kentucky age ENT 
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NG MODEL OF THE 


PARTIAL REINFORCEMENT EFFECT 


RONALD L. KOTESKEY ! 


College 


stimulus- ; B T s ; 
mee ee sampling model of E. J. Capaldi's sequential effects hypothesis to 
or the increased resistance to extinction following partial reinforce- 


The model was shown to be capable of 


ariables which produce the increased resis- 
shown to not predict the increased resistance to 


everal limitations of the model were 
ips to other theories. 


the model at any length. This article 
discusses the model, how it can account 
for the major variables, its limitations, and 
its relationships to other theories. 


Tue MODEL 


The assumptions presented in Koteskey 
and Hendrix (1971) are stated more for- 


mally here as axioms: 


Representation Axioms 
There are Nr stimulus elements. 

2. There are two responses labeled A; 
(respond within the time limit) and Ag (fail 
to respond within the time limit). One 
of these occurs on each trial. 

3. There are two reinforcing events Ex 
(reinforcement which reinforces Aı) and Es 
(nonreinforcement which reinforces A»). 
One of these occurs on each trial. 


e 


2 


Conditioning Axioms 

1. Each element is conditioned to one 
and only one of the responses. 

2. If an element is sampled on a trial, 
it becomes conditioned with probability c 
to the response that is reinforced on that 
trial; with probability 1 — c it remains 
conditioned as before. If the sampled ele- 
ment is already conditioned to the rein- 
forced response, it remains so. 

3. Stimulus elements that 
sampled on a trial do not change their 


states of conditioning on that trial. 
4. At the beginning of training, all Nr 


are not 


elements are conditioned to As. 
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Stimulus-Sampling Axioms 


1. During each trial 
ments is taken. 


2. Following each reinforcement, the 
same subset of elements, labeled No, is 
sampled. 


3. Following each successive 
forcement 


; & sample of ele- 


nonrein- 
, additional elements are included 


in the sample, the number of additional 
elements being a constant proportion, 5, of 
the remaining elements. These additional 


subsets of elements are labeled N,, N,, 
Ns, e. 


Response Axiom 


1. The probability 
particular tria] is giver 
of the elements sample 
are conditioned to A;. 


of response A; on a 
n by the Proportion 
d on that trial which 


and 
in Figure 1; 
arbitrarily assigning values to 
Ni, No, Ns, -.., the Size of each of these 
Sets of stimulus elements is now assumed 
tobea decreasing function so that asin, 
the number of elements in N; approaches 
zero. That is, as Capaldi (1966) points out, 
less stimulus modification occurs on each 
successive trial as length of nonreinforced 
run of trials (N-length) increases, The 
basis for this assumption is evidence cited 
by Capaldi (1966) in which e 
N-length, number of 
and number of occu 
length show the assum 


NF 1000 


ic sentation of the stimu- 
FIG. 1. Schematic represi 
E npling process showing the parameters used, 
tah S N; is .20 of the remaining Nr.) 
Bach s 


n, Ns 
arbitrarily picking values of Ni, M. 
Na, +, which fit that particular set 
results. : “ble 
The computer program makes it p 
to predict resistance to extinction o jute 
schedule of reinforcement, since it € on 
the proportion of the stimuli samp ding 
any trial that are conditioned to respon Na 
and the number of cach of the No SUr to 
Nz, +++, elements that are em E 
responding. To show that the morao 
account for a great deal of data w p 
manipulating the parameters at ail here: 
time the computer program was wate 1; No 
the following parameters were res 
= 200, Nr = 1,000, c = 315, and p unless 
All groups were run for 100 trials : yatic 
otherwise stated. Figure 1 is a n ling 
representation of the stimulussamP id 
process with the new sampling appe e. 
the parameters used throughout this a um 
Note that each successive N; isa € ele- 
Proportion of the remaining unsamplec 
ments in Ny. 


ive nol 
After cach successive 
reinforcement, 


“or 

the elements in the A 
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xtinctig ound increasing resistance to 
decreagi n down to 25% reinforcement but 
12.507 vut resistance to extinction with 
ner (Logg orcement. Koteskey and Stett- 
that Sor » using nine trials per day found 
ne subjects on a 33% reinforcement 
"Cquisit refused to run after about 200 
resistan 2 trials and had a greatly reduced 
Ce to extinction. So, 10 years later, 
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FiG. 2. Total number of elements conditioned 
at the end of 100 trials as a function of percentage 


of reinforcement. 


percentage of reinforcement will result in 
less resistance to extinction. The computer 
simulation of the model was run with 
percentages of reinforcement varying from 
20% to 100%. The reinforcement schedule 
was random subject to the restriction that 
Trials 1 and 100 be reinforced and no run 
of consecutive nonreinforcements be longer 
than five. The total number of elements 


conditioned at the end of the 100 trials 
2. The drop in the 


is shown in Figure 2. 
number of elements conditioned in the 50% 
group was somewhat surprising, but it was 
found that the 50% schedule, although 
andom, contained no run of consecutive 
nonreinforcements longer than three, while 
the 60% group contained runs of nonrein- 
forcement of Length 4 and the 40% group 
contained runs of nonreinforcement of 
Lengths 4 and 5. Thus, the dip in the 
curve at 50% was a result of the particular 
random schedule that happened to be 
generated for it. 

Number of nonreinforcements. Jernstedt 
(1971) found that increasing the number of 
nonreinforcements increased resistance to 
extinction, and Lawrence and Festinger 
(1962) conducted an experiment with a 
factorial design to separate the effects of 
percentage of reinforcement and number of 
nonreinforcements. In previous studies 
these two variables had been confounded 
and this study showed that the effect was 
due to number of nonreinforcements, not 
percentage of nonreinforcement. In their 
experiment, when percentage of reinforce- 
ment was held constant, the number of non- 
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reinforcements was increased by giving 
more trials. According to the model, this 
results in about the same number of ele- 
ments being sampled, but they are sampled 
more times during acquisition, thus more 
of them become conditioned resulting in 
greater resistance to extinction. When 
number of nonreinforcemnets is held con- 
stant, the percentage of reinforcement is 
decreased by decreasing the number of 
trials given, so that although more elements 
are sampled and have an opportunity to 
become conditioned, this is offset by the 
fact that they have fewer opportunities to 
become conditioned and the net result is 
no increase in resistance to extinction. In 
Figure 2 percentage of reinforcement is con- 
founded with number of nonreinforcements. 
Therefore, the abscissa may also be read 
às number of reinforcements to show that, 
up to a point, the effect of increasing the 
number of nonreinforcements results in in- 
creased resistance to extinction. 

N-length. Capaldi (1964, 1966), Capaldi, 
Hart, and Stanley (1963), Capaldi and 
Kassover (1970), Capaldi and Minkoff 
(1969), Capaldi and Spivey (1963), and 
Gonzalez and Bitterman (1964) have all 
shown that the length of run of successive 
nonreinforcements (N-length), number of 
different N-lengths, and number of occur- 
rences of each N-length are all variables 


relevant to the magnitude of the increased 
resistance to extinction. These were also 
confounded with percentage of reinforce- 
ment in earlier studies. In terms of the 
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Fic. 3. Total number of elements conditioned 
at Hc end of 100 trials as a function of N-length. 
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model, as N-length increases, more ko 
ments are included in the sample to le 
conditioned and finally results in increase 
resistance to extinction. The computer 
program of the model was run with varying 
N-lengths as shown in Figure 3. The grou 
shown as N-length 5 was given four rar 
of N-length 5, three of N-length 4, e 
of N-length 3, three of N-length 2, e 
three of N-length 1; the group shown A 
N-length 4 was given five runs of N-leng^^ 
4, five of N-length 3, five of N-length 2, an 
five of N-length 1; the group shown a 
N-length 3 was given cight runs of Neng^ 
3, nine of N-length 2, and eight of N-lengt" 
1; the group shown as N-length 2 was YN 
17 runs of N-length 2 and 16 runs of 
length 1; the group shown as N-lenglh ^ 
was given 50 runs of N-length 1 (eine 
alternation); and the group shown as 2 
length 0 was given continuous reinforce 
ment. Figure 3°shows the total number 6 
elements conditioned at the end of the 1 
trials in each of the above schedules, E 
it is obvious that as N-length and num d 
of different N-lengths are increased, res!® 
tance to extinction is increased. 

_ Level of acquisition. Bacon (1962) 
Erlebacher (1963), Hill and Spear (196: ] 


and Wilson (1964) found that increasing 
the level of acq, 
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Single re 2 or 3 runs of N-length 4 and the 
runs of SUR groups were given 8 or 12 
Only a fe -length 1. This would result in 
Ments hei of the Ni, Ns, Ns, and Na ele- 
Sroups ( Ri conditioned in the. random 
Teinforcemn y present 2 oc 3 times when 
Number e gena was given), but in a large 
conditione T No and Ni elements being 
reinforcer d (present 8 or 12 times when 
alternation nt was given) in the single- 
nce to S group, resulting in more resis- 
oub, Sx notion. 5 Š 
(1961) e alternation. Bloom and Capaldi 
Koteske Habu and Ono (1969), and 
“Teaseq pe Hendrix (1971) found in- 
doublage, eE to extinction in their 
*Xplaineq rh ca groups. This would be 
acquis; DY the model because at the end 
trials n sition with a very large number of 
. endi all of the Ne elements would 
lowe, em (since they were never 
^y a nonreinforcement) along with 
c Min No and N; elements. Thus, 
L jee number of elements con- 
lon would i moreased resistance to extunc- 
PUn of the be expected. In the computer 
lere, the ae with the parameters used 
Clements ouble-alternation group had 327 
Stroup had d While the continuous 
Block of cranes 3 
Vheios (1962) showed ST ecd ag ueni 
AN ec reinforced trials ER » foe 
ally reinforced group did Hof | signifi: 
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cantly decrease resistance to extinction. 
Of course, this model would say that once 
elements in Ny, Ns Ns, +++, were con- 
ditioned during acquisition, they would 
not be sampled during the block of con- 
tinuous reinforcement, so they would re- 
main conditioned and produce the increased 
resistance to extinction. Sutherland, 
Mackintosh, and Wolfe (1963) found 
that if the partially reinforced block of 
trials was given early in training and then 
continuous reinforcement given, this group 
had a larger partial reinforcement effect 
than a group given continuous reinforce- 
ment first, then partial. The model would 
say that the reason for the increased re- 
sistance to extinction is that when con- 
tinuous reinforcement is given later, more 
of the No elements are conditioned when 
extinction starts, producing the increased 
resistance to extinction. Support is given 
for this interpretation in that Theios and 
McGinnis (1967) pointed out that the 
Sutherland et al. (1965) groups differed in 
response speed at the end of acquisition 
and their results may be due to this factor. 
Campbell, Knouse, and Wroten (1970) and 
Koteskey and Hendrix (1971) also found 
that continuous following partial reinforce- 
ment resulted in increased resistance to 
extinction. This is because even though 
the Ni, Ne, Ns 5 elements are not 
affected, more and more No are becoming 
conditioned during the continuous reim- 
forcement. For instance, the double- 
alternation group mentioned above which 
has 327 elements conditioned at the end of 
100 trials would have 409 elements con- 
ditioned if the 100 trials were followed by 
a block of 25 continuously reinforced trials. 
Miniature experiments. The partial re- 
inforcement effect has been found in some 
of the miniature experiments of Amsel, 
Hug, and Surridge (1968), Bowen and 
McCain (1967), Capaldi and Waters (1970), 
McCain (1965a, 1965b, 1965c, 1966, 1968), 
and McCain and Brown (1967). In these 
miniature experiments acquisition consists 
of a very small number of trials, sometimes 
as few as two, a nonreinforcement and a 
reinforcement. The model would some- 
times predict a partial reinforcement effect 
in these experiments because after the non- 
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reinforced trial, elements from Ny would be 
present to be conditioned on the following 
reinforced trial; however, whether or not 
the effect would be predicted would depend 
on the parameters estimated in a particular 
experiment. For instance, with the param- 
eters used here, a two-trial experiment 
would have 53 elements conditioned in the 
partially reinforced group and 55 elements 
conditioned in the continuously reinforced 
group. Thus, the model would not predict 
that the increased resistance to extinction 
would be found in every study, such as 
Surridge, Rashotte, and Amsel (1967). 


Increased Resistance to E 


xtinclion Does Not 
Occur 


Some situations h 
which increased resi 
hot found, is greatly reduced, or is gen- 
eralized. The model not only predicts the 
increase in resistance to extinction when it 
should be found, but Predicts that it should 
not be found in situations where it is not 
found. 
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reinforcement sched 


ave been discovered in 
stance to extinction is 


Many trials. 1f the 


ule is a single-alter- 
nation schedule and is continued for a large 


number of trials, a greatly reduced partial re- 
inforcement effect, if any, is found. Bloom 
and Capaldi (1961), ampbell et al. (1970), 
Koteskey and Hendrix (1971), and Tyler, 
Wortz, and Bitterman (1953) found a re- 
duced partial reinforcement effect in single- 


alternation groups given a large number of 
trials as compared 


to randomly reinforced 
or double-alternation groups. Also, the 
investigators in sew 


eral of these articles 
Pattern in speed of 
response: (a) early in acquisition the sub- 
jects ran faster following a reinforced trial 


than following a nonreinforced trial; (b) 
at intermediate sta ]uisition this 


£es of acc 

difference disappeared ; and (c) later in 
acquisition the opposite Was true—they ran 
faster following a nonreinforced trial, 
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Koteskey and Stettner (1968), Spivey 
(1967), and Spivey and Hess (1968). 
Nonreinforcement-reinforcement transitions 
alone are not enough to determine the size 
of the increase in resistance to extinction 
but some are necessary for it to occur. 
Within-subject experiments. In the with- 
in-subject experiments by Amsel (1967), 
Brown and Logan (1965), Galbraith, 
Rashotte, and Amsel (1968), Pavlik and 
Carlton (1965), Rashotte and Amsel (1968), 
and Rashotte, Ross, and Amsel (1968), a 
generalized partial reinforcement effect has 
usually been found; that is, the response in 
the partially reinforced alley was no more 
resistant to extinction than the one in the 
continuously reinforced alley, although 
they are both more resistant to extinction 
than subjects given only continuous rein- 
forcement. According to the model, this 
is because some of the trials in the con- 
tinuously reinforced alley follow a nonrein- 
forcement in the partially reinforced alley, 
and since they follow a nonreinforcement 
or series of nonreinforcements, Ni, Ne, 
4 ccc, are present in the continuously 
reinforced alley and result in increased re- 
sistance to extinction in that alley as well 
as the partially reinforced alley. Even data 
which at first glance seem to be incom- 
patible with this interpretation, such as 
those presented by Rudy, Homzie, Cox, 
Graeber, and Carter (1970), are followed 
by the authors' conclusion that a sequential 
interpretation is needed to account for it. 
Intertrial reinforcement: Small number of 
trials. Subjects given intertrial reinforce- 
ment after each series of nonreinforced 
trials (before a reinforced one) show no 
partial reinforcement effect with a rela- 
tively small number of trials as shown by 
Capaldi et al. (1963) and Capaldi and 
Spivey (1963). Again the model would 
say that this is because the reinforcement in 
the goal box affects the sampling in nearly 
the same way as does a reinforced trial, so 
that only the elements in No and possibly 
a few Ni, , Nz, css, elements are present 
to become conditioned. Thus, all the ele- 
ments usually present following nonrein- 
forcement can never become conditioned, 
so little or no partial reinforcement effect 


results. 
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Increased Resistance Occurs but Is Not 
Specifically Accounted For 

As with most models there are certain 
phenomena which occur that are not speci- 
fically accounted for by the model. In this 
section, some examples are selected to show 
that although these types of phenomena 
exist for this model, they are not in con- 
flict with it; it is only that the model as 
stated does not specifically include them. 

Intertrial reinforcement: Large number of 
trials. Berg, Connelly, and Duerfeldt 
(1969), Black and Spence (1965), and 
Spence, Platt, and Matsumoto (1965) 
found a partial reinforcement effect when a 
large number of acquisition trials were used 
even with intertrial reinforcement. This 
could indicate that a few of the Ny, No, 
Ns, +++, are not removed entirely by the 
intertrial reinforcement, and after a suffi- 
ciently large number of trials, enough of 
them have become conditioned to running to 
increase the resistance to extinction. An- 
other possible interpretation is that after a 
large number of trials, a new sct of elements, 
such as frustration (Amsel, 1958, 1962, 
1967), may come into play. These ele- 
ments would not be present on every non- 
reinforced trial (those early in acquisition) 
but only appear, to be conditioned and to 
increase resistance to extinction, following 
a large number of trials. 

Twenty-four-hour intertrial interval. Ca- 
paldi and Capaldi (1970), Capaldi and 
Spivey (1964a, 1964b) and Weinstock (1954, 
1958) have found the partial reinforcement 
effect with a 24-hour intertrial interval. 
The only reason this is not accounted for 
by the model is that, of course, the subjects 
are fed each day, so it becomes the same 
problem as intertrial reinforcement above 
and can be handled in the same way. 
However, since the Capaldi and Capaldi 
(1970) experiment used a relatively small 
number of trials, it may be that the present 
model, which is a modification of Estes 
(1959) stimulus fluctuation model, would 
call on some of the properties of the ore 

del. That is, over the 24-hour period 
eee lus is modified by random fluctua- 
the stimu tn in the partially reinforced 
tion so that in 


group some of the Ni, No, Na, 
come back into the sample. 1962) 

Effort. Lawrence and Festinger ( tra 
found that increasing the effort requ! z 
to make the response in partially em 
groups increased resistance to ex 
Those subjects in a situation requ! p 
much effort to respond have a larger "EY 
lation of stimuli to sample because tht ber 
creased effort produces more (propre iad 
tive) stimulus clements to which runt 108 
can be conditioned. The low effort gro" dh 
do not have these additional -— 
present during learning and, thus, enit 
have running conditioned to fewer cle 
and show less resistance to extinction- 
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arge 
Although the model integrates 4 € 
amount of data, there are two poin wel 
which the model does not fit the Gate are 
with some parameters. Both of thes¢ 
shown in Figure 5. . pial 
Low probability of response for par (E 
reinforced groups during acquisition. rc 
though the groups given partial reinlon 
ment have more elements conditioned t (he 
the continuously reinforced grOUD' qto 
proportion of these elements conditione. A 
responding on most acquisition tria m 
smaller in the partially reinforced sched tad 
Most partially reinforced groups ced 
nearly as rapidly as continuously reinfo c 
groups, at least their speed of respons del 
not as low as would be implied by the mo 
predictions represented in Figure 5. se for 
Sudden drop in probability of response int 
the continuously reinforced group dur! 
extinction. If the Ni, Na, Na, +++, are Vo. 
large in relation to No, the continuous, 
reinforced group which has been respond! 
with probability near 1.0 will show 5 
rapid a decrease in probability of respon 
during extinction as shown in Figure d 
For instance, if No = Ni, Probability of Y e 
sponse on the first extincti ial will 
near 1.0, but Probat on trial w 
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Ny = 
an Ny rae =a that Ni = 160; thus with 
is quite bn Sosa relative to Ny, the drop 
These ii td as shown in Figure 5. 
rected by rra could probably be cor- 
tion ekin : ing another sampling assump- 
with an dE sampling | an active process 
the more ment more likely to be sampled 
than ha mes it was reinforced, rather 
sampled or^ all stimuli available being 
Similar to Ü each trial. This would be 
by Sutherlan, stimulus analyzers proposed 
rather tha and et al. (1965) except that 
tuned is E talking about analyzers being 
one would 2 a stimulus-sampling model 
more likel talk about elements becoming 
Case, the : Ie be sampled. In the first 
?egin nd ig 4 reinforced groups would 
Number eee from a relatively limited 
9n the pation stimuli present after being 
Schedules for some time $0 their 
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the » 1 à large number of Ni, Nz 
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late Phe Severit presented for two reasons: 
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ne: With son y Heular parameters uscd, so 
arie pio: ne parameters these limitations 
né Sa nes ene and (b) a model that 
re] * finding & sumption to account for each 
, evant E A becomes only a listing of 
predic les rather than an integrat- 
Of course cung model. 
apaldi’s e, this model is closely related to 
(1966) hypothesis of sequential 


effe 
Cts in t : 
that it is essentially a statement 
terms. 


teet 4 K 
is ie ere in stimulus-sampling 
“Mulus also deals with the effect of 
yation modification on resistance to ex- 
Ni lables Kit emphasizes the sequential 
lengths N-length, number of different 
“ach Nle: and number of occurrences of 
Stimuly ength. By stating the theory in 
a com 1s-sampling terms and constructing 
is sho puter simulation model, the theory 
Patt wn to account for such things as the 
ern of response speeds in single- 
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alternation acquisition. Also, stated as a 
stimulus-sampling model, it can be more 
easily manipulated by adding assumptions 
to account for data not specifically ac- 
counted for in the model as it stands. 
Finally, the model now makes unambiguous 
predictions that were not possible with it 
stated only verbally, such as the question 
of whether 10 runs of N-length 5 woul 
result in more or les resistance to extinction 
than 15 runs of N-length 3 in a given 
situation. 

The model can ¢ 
ings that Amsel’s ( 
tration theory can, 
tion is viewed as a se 


ilso accommodate find- 
1958, 1962, 1967) frus- 
if anticipatory frustra- 
t of stimulus elements. 
For instance, the finding that there is in- 
creased resistance to extinction. following 
a large number of trials but not after à 
small number of trials when intertrial re- 
inforcement is given is consonant with the 
model if anticipatory Frustration is seen 38 
isting of stimulus elements which Ae 
acquisition, but appear 
Thus, when few trials 
rcement, run- 
se frustration 


cons 
not present carly in 
later in acquisition. 
run with intertrial rcinfo 


are 
oned to thc 


ning is not conditi 

elements; if many trials are given, these 

frustration elements are present during 
con- 


acquisition and running becomes 


ditioned to them. 

Of course, the model is bx 
cation of the N-element pattern model of 
Atkinson, Bower, and Crothers (1965), 
and of the stimulus-modification model of 
Estes’ (1959) in which the sources of stimuli 
in the situation are not only undergoing 
random fluctuation, but some of them are 
er the control of the reinforcement 
That is, rather than a constant 
aking place, after one 
stimulus ele- 


isically a modifi- 


und 
schedule. 
random fluctuation t 
nonreinforced trial certain 
ments (Ni) are brought into the sample; 
after two nonrcinforced trials in succession 
more elements (Nz) are brought into the 
sample, etc. 

This model now makes it possible for 
stimulus-sampling theory to account for 
the increased resistance to extinction follow- 
ing partial reinforcement, à problem with 
which Estes (1959) struggled, but for 
which he never arrived at an adequate solu- 
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tion. It not only makes stimulus-sampling 
theory more complete but makes it possible 
to predict resistance to extinction in a 
group given any schedule of reinforcement. 
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CAN A TWO-STATE MODEL ACCOUN? 


RE: 


JOHN THEIOS? 
University 


A class of two-state models invol 
for the stimulus-identificatio 
reaction-time (2CRT) tasks. 
from a 2CRT situ 
is reasonable, Fr 
effects in 2CRT 
due to local respi 


A number of investig, 


ators (e.g., Keele, 1969; 
Laming, 1968: Re 


mington, 1969 ; Schvaneveldt 
& Chase, 1969) have found reliable sequential 
effects in two-choice reaction-time QCRT) 
tasks using relatively long interstimulus in- 
tervals and a compatible stimulus-re. 
arrangement. The Most extensive anal 
2CRT Sequential effects has been mad. 
Remington (1969). He found systematic and 
orderly stimulus sequential dependencies up to 
the fifth order in mean reaction times (RTs). 
On the basis of these high-order s 
effects, he concludes that simple 
models, such as th 

(1965), are inadequ 
2CRT process. 
States: 


sponse 
s of 
by 


equential 
two-state 
at proposed by Falmagne 
ate as representations of the 
In his own words, Remington 


It appears that premature theorizing based upon the 
repetition effect has been 


relatively ineffective in 
Producing models with ad 
predictive 


equate 
«« . Falmagn 
making relatively 
many interesting 
; there is convincir 
ès underlying choice 


explanatory and 
mathematical 
good predic- 
aspects of CRT 
ng evidence that 
reaction behavior are 


na 
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t to John 
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ving the notion of 
n-respons 
The model is applied to sequential RT data 
ation, and the agreement b € 
om consideration of other d 
are due to the structure of th 
onse biasing resulting from t 


T FOR TWO-CHOICE 


ACTION-TIME DATA»: 


AND PETER G. SMITH 


of Wisconsin 


à stimulus bias is outlined 


ection operation in 


two-choice 


etween predictions and the d: 
ata, a case i 
he 
he 


*15 made that sequential 
sequence of stimuli, rather than 
Sequence of required responses. 


100 complex to be ; 


d by such ? 
two-st 


iccurately represente! 
ate model [pp. 256-257]. 


s 
While Remington's conclusion is pa we 
some situations (cf. Falmagne, 1968) "Theio* 
generally agree with it (Falmagne onis ) 
1969), the conclusion certainly cam d thi 
drawn from 2C RT data. The Durposs io bE 
note is to show that the contrary seem d 
the case; 2CRTs can be accurately repre 
as a two-state process. 


ente 


Crass or Two-Sra 
Preparation Model 


MODELS 


; mo” 
Falmagne (1965) assumed that at e ‘ 
ment in time, the subject is either quem 
unprepared to make the response bed amt 
with each stimulus in a CRT EXPEC ee R 
that trial-by-trial changes in the a ouf 
preparation are governed by the follow! ie n 
assumptions: If the subject is prepa and? 
make response ri to stimulus s; on T rial el short 
stimulus s; is presented, then RT will wi U 
(a random sample from a distribution ba | he 
relatively small mean) and on the next tr "EM 
Subject will still be prepared to make 7 P" 
stimulus s; with probability 1, If the subi" us 
Prepared for s; — r; on Trial » and if stin che 
Si is not presented, then on the next tria vitt 
subject will still be Prepared for s; — ri Y fof 
probability 1 — ¢’ and will be unprepared E 
S; — ri with probability c/ the subject i$ “of 
prepared to make response *; to stimulus St 


Trial z, and if stimulus 5; is presented, € 
RT wil be long (a random ^. ces from 4 
distribution having a rather URP e a), 2 "Ti 
on the next trial, the subj Sd mear s are 
for si — r; with Probabilit ill be prep yed 
for s; — r; with Probability, nd not prepare 
subject is not Prepared fo, rr E If 


<= petal Ut 
ři on Trial 


he? 
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and if sti " 
fir umi is not presented, then on the 
BE aps n. dar. DJect will still be unprepared 
a ml 5 probability E . 
Presented a in which stimulus s; is 
or a constant probability z;, the 
- eas to s; — r; form a two- 
asymptotic Markov chain in which the 
Ir !c probability (P;) of being prepared 


Brig es r; is 


P: = (mi)/[ric + (r) J 


ES eere ; 
lor at eee that the states of preparation 
independent imuli in the experimental set are 
ntuitive st of cacho ther implies the counter- 
Subject ma T of affairs that on any trial the 
the stim: kr Prepared for all, some, or none 
Made that "d However, if the assumption is 
Subject E: b 7 c, then the model requires the 
2€ prepared for only one 5; — 7; pair 


Nay pat 

Y trial. : ^ E A 
Probabili and it predicts that the asymptotic 
s; LUY that the subject is prepared for 


ři iS si l E 
Prediction) mply m; (the probability matching 


M Emory 


À Stack Model 
. When 
Memory, 


» y applied to a 2CRT experiment, the 
and The 


Sear = 
„Scarch model suggested by Falmagne 
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searched in a serial, self-terminating manner. 
For two stimuli (sı and sə), there are two 
states of bias, Bı and Bs: Bı represents the 
state of affairs when sı is in the first memory 
position and sə is in the second memory posi- 
tion; By represents the state of affairs when sı 
is in the second memory position and se is in the 
first memory position. When stimulus s; (i=1 
or 2) is presented, there is a probability c; that 
the stored representation of s; — ri takes the 
first memory position if it was not already 
stored there. This assumption leads to the 
simple Markov process depicted in Figure 1. 
Following Falmagne and Theios (1969), it 
may be assumed that with each of the two 
states of the process, there is associated a 
normal distribution of stimulus identification — 
RTs such that the mean and variance for the 
first state are less than those associated with 
the second state. If sı (or se) is presented and 
Bi (or By) is the state of the process, then the 
RT will be a random sample from a normal 
distribution with parameters #1 and oy, and the 
RT will generally be relatively short. If sı (or 
sented and Be (or B1) is the state of the 
a random sample 


$2) is pre’ 
process, then the RT will be 
a normal distribution with parameters #2 
ill be relatively long. The 
ted as the 


from 
and og, and the RT w 
difference fy — ji May be interpre 


Or & 10s (19 
Stack ea reduces to a simple hierarchy : 
© s — r associations which is average time to make à comparison between 
TRIAL N TRIAL Ntl 
r- Mere E 
STATE STIMULUS Reaction Time "State 
"P ee Fast eS Bid 
QT 
Bras 1 1-6, 
# -t 
s l e 
Se — 
Stag 2 Stow Bras 2 
1 cy 
—————— 
1-6, 2 Stow ——————— Bias 1 
"V 
l-cl 


$3 ———H— 3 far 


1 
———— > Bis 2 


Fr 
Cut, quss i 3 P 
j Two-state ergodic Marky process for 2CRTs. (Short [or long] RTs may be considered 
as rat F rom a normal distribution having a mean ju [or u:].) 
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the representation of the presented stimulus 
and the contents of the second memory posi- 
tion. The normality assumptions are tanta- 
mount to assuming that, trial by trial, the 
additive components of stimulus input ti 
memory search and comparison time, and 
sponse execution time are 
multiple factor subprocesses that, when con- 
voluted, together yield a normal distribution 
for a large sample of trials. The assumption of 


ugh traditional, is 


me, 


re- 
each determined by 


are means p; and po 
d second states, re- 

RT on any Trial n, 
will be a simple binary probability mixture 
(Falmagne, 1965, 1968) 


Elta) = (Bui + (1 — B, )us. 


In Equation 25. 
probability of the re 
presented on Trial 


[2] 


of stimu- 
The model 
encies in RT by 
i fferent pro- 
sequence of 


s large, the 
asymptotic value of B 


accounts for sequential depend 
averaging short and | 
portions, depending on the exact 
Preceding stimuli. As 5 become 


model predicts that the 
will be 


B = (re)/[ma + (1 — T)c2]. 


If it is assumed that c, = € = c, then the 
memory stack mode] makes the same predic- 
tions as Falm gne’s (1965) Preparation model 
with c' = c, i 


= c, including the asymptotic proba- 
bility matching prediction that 8 = r. 


[3] 


ANALYSIS oF Two- 
SEQUENTIAL Dep 
Remington (1969) used stimulus presenta- 
tion probabiliti 1 9, .5) and 
(3, . 7). in a 2CRT experiment. The stimuli 
consisted of left and &-, si and s2) 
and the correspond: ere a left- 
and a right-hand tton push 


with a red 
warning light followed by a one-second fore- 


Or se. The 
interstimulus interval averaged about four 


bjects were 
. Each of five human subj c 
N 200 trials on each problem in alter- 
AM blocks of 200 trials, and the data repre- 
n 


CHorce RT 
ENDENCIES 


E de blem 
sent the last 800 trials for the (5, 5) Problem 
and the last 1,000 trials for the (.3, .7) f 


Application of the Two-State Model 


stimuli s; and s; entering the first pee à 
tion after they are presented, and ji ums 
the means of the RT distributions aS nA 
with finding a matching stimulus tal pene y 
in the first and second memory Ho I 
spectively. In Figure 1, Bn en B 
Probability of stimulus sı being riba take? 
memory position on Trial », and it vi Equa 
as its asymptotic value predicted a 
tion 3. Two theoretical hypotheses 
investigated : 

Hypothesis 1 
quires that the val he S6 
probability conditions (.3, .5, .7) be s fe 
Hypothesis 1 assumes that, given it ability 
sented, each stimulus has an equal pro it 


3 A nt 9 

of entering the first state independent mea” 
Presentation probability and that the ” de 
RTs for the 


"BU 
first and second states ide he : 
pendent of the Presentation probabilities jy in^ 
stimuli whose representations are Suid d 
the states. Three parameters were est 
under Hypothesis 1 6, uy, and pe. 
lypothesis 2 permits each of the con 
to have its own individual c value. Hyp 
2 assumes that, given it is presente 
Probability that a stimulus representat! 


: : ^ : ese! 
ters the bias state is a function of its pt 
tion probability, 
slow 


rei 
s ing) 
(probability matchin? Jus 


1 
se stim 
ue of c for all three SU" me 


dition: 
thes! 
the 


en” 
1 
i 


u^ 
of the stimulus. Five parameters were il 
mated under Hypothesis 2: c(.3), c5) 
Hı, and po. 


*In Remington's 1 
2, the Sequential fifti 
are independent Obs 
order condition, 
weighted avera; 
RTs. 


e data Teproduced in TÉ 


zr Conditional mean 
ations, 


" S 


wi 
owever, all ley 
Thus, to th of high 


May be obtained 
cr orde 
arein agreement 


ay 
of | 
y 
i 
m. 
Chandler's (1969) subroutine STEPI che 
used to find values of the Parameters unde” ly 
two hypotheses which would simultaneo" of. 
minimize the weighted root mean squared & ni 
(cf. Sternberg, 1969 between Remingt? e 
(1969) 93 conditional mean T 
ple 
E 
ef 
g 
9 
1 
with us that the higher order dere 
lower order data 
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TABLE 1 


Two-Srate MODEL PARAMETERS FOR 
REMINGTON (1969) RT Data 


Parameter : Hypothesis 1 Hypothesis 2 
(c's equal) (c's free) 
3 25 18 
s EI 51^ 22 
all 5 38 
H 544 - 
: 266 263 
Hn 1 - 
à 311 3l 
oot mean 
Squared 
err q 
OF 8.6 msec. 2.8 msec. 
Not 
transiti" = stin 
ean HOR probabilia presentation probability; c = state 
E mit Bonbias Seid m mean RT in bias state; p: = 
sid Value not es 
ons, not estimated, but fixed by theoretical 
Pondi 
ing us 
th Conditional expec aep. ; 
expected RTs predicted 


ate n 
e a depicted in Figure 1. 
in TSPonding ot mean squared errors and the 
nes Table i qperaimieter estimates are given 
line of Predict Pothesis 1 yielded an average 
E. pDothesis 2 yida a 8.6 milliseconds (msec.). 
8S than a thir, ed an average absolute error 
A that of Hypothesis 1. The 
€ Predicted (Hypothesis 2) con- 
Ss * The eaction times are presented in 
» Wential q | predictions follow the observed 
abso tie en dencies very well. The aver- 
* E of prediction is only 2.8 
“Markable mary, the two-state model does 
Cts in th Job of accounting for sequential 

© 2CRT situation. 


at "m 
e minimum 


F E 
s EVIDENCE FOR A 
Wo-SrATE PROCESS 


A o 
om * * ^ . 

Me “Nmon practice in some CRT experi- 
to have the subject predict what 


Is 
Stimulus " 


in these is thinks will occur on the next trial. 
unq co Prediction experiments it has been 
Stim sa Stently that RT is shorter when the 
Stimulus ^ Correctly anticipated than when the 
55 67. not expected (Bernstein & Reese, 
967. E i Bernstein, Schurman, & Forester, 
(1970) ke 1969). For example, Hinrichs 
Stimulus e abili prediction experiment with 
(a) Probabilities of $ and $. He found: 


SUbjecte? Ae 
Probar ages predictions matched the stimulus 
dic io tities, (b) RTs following correct pre- 
requ ns were virtually identical for the more 
(ap nt (424 msec.) and the less frequent 
dir msec.) stimuli, (c) RTs following in- 

ect predictions did not differ santieantly 
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between the more frequent (474 msec.) and 
less frequent (486 msec.) stimuli, (d) the mean 
RT to the more frequent stimulus did not 
differ significantly for the subjects who were 
required to make a prediction (446 msec.) and 
subjects who were not required to make pre- 
dictions (440 msec.), (e) the mean RT to the 
less frequent stimulus did not differ signifi- 
cantly for the predict group (463 msec.) and 
the nonpredict group (473 msec.). These re- 
sults can be interpreted in terms of the present 
theoretical framework by assuming that the 
subject's prediction corresponds to the contents 
of the first memory position. If the subject 
correctly predicts the stimulus, his RT to it is 
short because its representation was in the first 
position and the identification match was made 
quickly. If the subject incorrectly predicts the 
stimulus, its representation was not w the first 

. 
position, and his RT was eng ten EN 
comparison operations had Vo De quic tk 
before a correct identification match could be 
obtained, 

Two alternative elaborations of this inter- 
pretation can be considered. The first is that 
of a passive system in which the prediction 
response is simply a read-out of the contents of 
the first memory position which is determined 
stochastically by the sequence of stimuli, The 
ssumption is that the act of pre- 
dicting is under cognitive control and, in the 
interest of consistency, the first memory posi- 
tion is loaded with the stimulus representation 
corresponding to the subject’s prediction. 


alternative 


SriuvLUs Bias versus RESPONSE BIAS 


The Falmagne (1965) and Falmagne and 
Theios (1969) theories clearly require stimulus 
biases on the part of the subject, with no 
theoretical provision being made for response 
biases. This presents no problems when there 
is a one-to-one mapping from the set of stimuli 
to the set of responses (as in 2CRT experi- 
ments), since a stimulus bias cannot be sepa- 
rated from a response bias with a one-to-one 
mapping. However, the Remington (1969) 
sequential effects and the results of the many 
prediction-RT experiments cited above could 
be due to a response bias process rather than a 
stimulus bias process. To determine whether 
the prediction-RT results were due to a stimu- 
lus as opposed to response bias, Hinrichs and 
Krainz (1970) adapted the LaBerge-Tweedy 
(1964) three-stimulus-two-response RT design 
to the prediction situation. Stimulus A was 
assigned to one response (Ra) and Stimuli Bı 
and Bs were assigned to the other response 
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TABLE 2 


MEAN REACTION TIME (IN. MILLISECC NDS) ON TRIAL » GIVEN 
PRECEDING STIMULUS S QUENCE 


Stimulus sequence | 


| Stimulus presentation probability 
Order | | 3 a 
E d T" isch [D eem | xa ee e foe 
| | Obs. Pre, Obs Pre. | Ob 
First 1 | | | 307 | 308 274 | 273 290 
| | 
Second | 1 1 | | | 302 300 269 269 8 
1 2 | 310 311 280 281 29 
| 
Third | 1 1 1 | 297 293 267 | 267 278 
I.T doi Dow | 309 304 276 274 288 
} 4 2 4 | | 306 306 278 278 290 
| 1 2 | 2 | 314 314 | 292 288 300 
| | 
Fourth | 1 1 1 | 292 288 | 263 266 276 
1 1 2 | 301 295 271 270 280 
1 1 2 1 309 298 275 272 283 
1 1 2 2 309 304 279 278 293 
| ! | 2 1 1 309 | 302 278 276 292 
2 2 1 2 305 308 280 282 286 
E 2 2 1 308 309 291 285 293 
| 2 2 2 316 315 294 293 305 
Fifth | : H 1 1 1 287 283 264 265 273 
| 1 1 1 2 296 290 262 268 279 
i 1 1 2 1 296 292 273 269 277 
| ou 1 2 2 302 297 266 273 283 
i | i 2 1 1 303 295 273 271 285 
2 1 2 311 300 278 275 281 
| 1 1 2 2 1 309 302 275 277 293 
| d 1 2 2 2 309 305 285 282 294 
1 2 1 1 1 303 300 279 275 292 
1 2 1 1 2 312 304 276 279 292 
1 2 1 2 1 314 306 283 281 282 
Loi 2 1 2 à 300 309 276 286 290 
: | : 2 1 1 308 308 287 284 288 
DE 2 1 2 308 312 300 289 300 
i 2 2 2 1 320 313 288 291 301 
| ee 2 2. 2 315 316 302 297 310 
Note.—Obs, = observed; Pre, = predicted. 
(Rg). Each of the three stimuli (which were sistent with the earlier two-st: 
visual displays of the digits 0, 1, and 2) oc- 


. RT experiments: (a) If 
curred in a random sequence with 


| u probability th 
2, Twenty-four university students were given having a mean of 485 mise pes ( RT 
140 trials in which they were required to pre- stimulus was not anticipat n if 
dict a stimulus before one was presented for the R'T was lon: e 
their reaction. The data from the last 90 


msec. Further, the import 
trials of the Hinrichs and Krainz (1970) ex- to the question of sti a 


t3 L2 t2 t2 th 

© Svo 

E GS eU 
— 


imulus predictio?" 
was correctly predicteq E e Re pu 
iepraseiit® 
g, havin by the subject 
Mean of about 5 


Nt findj in 
p pe t mulus s, ündings relati! 
riment were analyzed. The results are con- were: (c) the RTs to ex 
pe 


€rsus r 
pected 


S response bia | 
Stimuli were the 


Vi 
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? ms i 
" sec., ` f 
of Donse required independent of whether the 
pes “d was R chi 
the trials op 7 as Ra which occurred on } 


daea c hichi occurred on mot the 
as no significant difference 
yhether a unes pected stimulus as a 
eor a en an Probability R4 response 
3 probability Rp re ponse (567 
A summary; there is 
disti ten n the Hinrichs and 
Support a response bias 


toan 


MSee.) y 


Vas 5 
as required, 
Y no 


absolute] 


ta from the Hinrichs 
A Xperiment are entirely 
Wo-state model presented 


indicate S Prediction made by the 

Simi 'Y Position a le contents of the first 
not ,P Short or ier the conditional RT is 
Matche, Contents "y depending on whether or 
is one ed the fires the first memory position 
ava ri Pendent a stimulus. This result 
ke a respon be 2:1 response requirement 
Droh; Predictions d. In addition, the sub- 
S abilities closely matched the stimulus 
del S dis pass e stimulus 
luired by the two-state 
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CONTINUITY THEORY REVISITED: 
REPLY TO D. B. BERCH? 
GERALD B. BIEDERMAN ? 


University of Toronto 


D. B. Berch has argued that evidence by G. B. Biederman that S— is non- 
monotonic in habit strength should be reinterpreted on the basis of the general- 


ization of S+ responses to S—. 


Berch’s argument is found to be inconsistent 


with existing experimental evidence and fails to refute Biederman's contention 
that the inhibition associated with S— is nonmonotonic with respect to non- 


reinforced trials. 


Berch (1971) has found fault with Bieder- 
man’s (1970) suggestion that Spence’s (1936) 
theory suffers a failure in the assumption of 
monotonicity in the habit strength of the nega- 
tive stimulus (S—). Berch’s main argument 
concerns the interpretation of experimental 
evidence indicating that S— is nonmonotonic 
in habit strength. 


In the procedure first employed by Deutsch 
and Biederman (1965), subjects are trained in 
two simultaneous discrimination problems, 
with one of the problems receiving more train- 
ing than the other. At various stages, a choice 
is offered between the negative stimuli from the 
two problems (Biederman, 1967, 1968; Deutsch 
& Biederman, 1965). Subjects show a sig- 
nificant preference for the S— from the more 
trained discrimination problem. This has been 
interpreted as indicating that S— (from the 
more trained problem) is less aversive than 
S— from the less trained problem, suggesting 
that the aversiveness of S— is not monotonic. 
Berch raises an interpretation that subjects are 
exhibiting generalized approach to the more 
trained problem. This interpretation is not 
responsive to the fact that when probe trials 
are presented later in training, choice becomes 
ee between more and less trained S— 

lederman H 
(1968), CIE Na ie Pi atic 
trained S— after- 150 pid ub Sene iE more 
Painea, Biles aed) Patreon SO a 
450 total trials were ne E en et Send 
E N Ot significant. If sub- 
jects were choosing S— on the basi 
eralization of approach to S+ (i ToL Een. 

(i.e., showing a 


1 Research was supported S 
Canadian National Reseateh Clete E 
Ontario Mental Health Foundation. I am indebted 
to J. A. Deutsch and W. O'Neill for reading and 
commenting on an earlier version of this reply. 

? Requests for reprints should be sent to Gerald B. 
Biederman, Scarborough College, University of 
Toronto, West Hill, Ontario, Canada. 
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preference for the more trained problem per se) 
choices at later stages of training must similarly 
favor the more trained S—, inasmuch as per 
formance in the more trained discrimination 
task is superior to performance in the !es* 
trained problem later in training (Biederman 
1967, 1968). If S— is nonmonotonic, the 
preference for the more trained S— shoul 

fade as the less trained S— similarly loses 1t$ 
aversiveness. 

Berch's generalization interpretation of the 
early preference for the more trained discrimi- 
nation problem may not be consistent with 
existing data. In absolute terms, subjects 
make more errors in the more trained situatio” 
(Biederman, 1967; Deutsch & Biederman 
1965). In Biederman (1968), for example, for 
the first 150 total trials, subjects made an 
average of 30.5 errors (69.5% correct) in the 
100 more trained trials, and 19.75 errors (60.5% 
correct) in the 50 less trained trials. i 

[tis not clear that invoking a generalizatió? 
process forces the prediction that the mor 
trained is more attractive than the less train 
problem; for this to be the case (assumi! 
S— is monotonic), S— must have some dest 
of inhibition which does not outweigh the 
“generalized habit (approach) tendency" of r 
more trained problem. Considering the ee: 
lute amount of nonreinforcement present 1” t 
three studies mentioned for more trained 2M 
the prediction that the more trained discrimin® 
tion would still show generalized approach t° 
greater degree than the less trained task seem 
problematic. 

In the absence of the probe trial data which 
po 

= 5 s in i H 
probable that EE dri er ge ined 
S— would have been predicted Nas He as” 
sumption of monotonicity of the Ti ibitorY 
properties of S—, Pu 
NEL acre EO 

Problem jg no 


hoice of more train? 


iy 
v. 
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Dri 
(ied d ic. rm less trained. In Biederman 
Ghosen in ES ound that the /ess trained S+ is 
after 150 uns EA to the more trained S+, 
trained, p £3 aa (100 more trained, 50 less 
“approach” -008). This suggests that the 
Tit cree TRO S+ may be similarly 

ie otonic. 

that it ient: Mie e of Berch's argument is 
Would be wills ear what type of evidence Berch 
ismissed Ph ing to accept which could not be 
the broad 1t of hand by ad hoc application of 
Dose of Jets e hypothesis. The pur- 
1970) on t d we car] comments (Biederman, 
Out that Me na and Bower (1969) was to point 
of S— Sxisis ence for the nonmonotonicity 
ib monot and theories which assume that 
Consideration. D must take this evidence into 
alone Critic ii . Berch has failed to mention, let 
evidence ES Y evaluate, independent lines of 
tion (eo pones the nonmonotonicity posi- 
Note te aa andler, 1968). Berch’s (1971) 
Dent that ME the status of the require- 
e taken ; idence for nonmonotonicity should 
theories ft es consideration in constructing 
equally clea discrimination learning. What is 
terminatio is that the empirical basis for the 
Stimulus fine of the nonmonotonicity © 
nction of S— should be broadened. 
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COMMENTS ON “ROLES OF A 
SEX DIFFERENCES IN COC 


BROVERMAN, E. L. KLA 


CTIVATION AND INHIBITION IN 
PINITIVE ABILITIES" BY D. M. 
IBER, Y. KOBAYSHI, 


AND W. VOGEL 


MARY B. PARLE 


Welles 


The hypothesis of D. M. Broverma 
Vogel that “known sex difference 
differences in Physiology” is critic 
and classification of th 

inadequate because 
which it does include 
thesis involve behavi 
cognitive abilities and 
analogies, and (c) the authors have 
citing evidence for an import 
"sex" hormones might affect 


ors which are 
1 rely for their 


autonon 


Singer and Montgomery ( 
on one aspect of the articl 
Klaiber, Kobayshi, 
"Roles of activati 
differences in Cognitive abilities,” 
reply to these remarks, Brov 
Kobayshi, and Vogel (1 
and Montgomery 
only 


1969) commented 
€ by Broverman, 
and Vogel (1968) entitled 


on and inhibition in sex 


In their 
erman, Klaiber, 
969) noted that Singer 
had been concerned with 
part of the argument, and that they 
"have not challenged, or even commented 
upon, the major bodies of evidence presented 
in our paper [p. 328]" In view of the im- 
portance of and increasing work on the topic 
of sex differences in cognitive functioning, it 
seems worthwhile to consider in more de 
some of the other difficulties in 
et al.'s (1968) paper. 

Broverman et al. (1 
that "known sex diffe 


tail 
Broverman 


968) offer the hypothesis 
rences in cognitive abili- 
ties reflect sex-related differences in physiology 
Ep.23]/* This is. a strong claim. 
would represent a major advance toward the 
goal of linking psychological functions with 
their physiological concomitants and would 
offer a partial explanation of one of the most 
pervasive phenomena in Psychology. What 
follows is a brief summary of their argument, 
followed by a more detailed evaluation and 
of the evidence on which it is based. 
rman et al. (1968) begin with a Ties 
» psychological literature on sex differ- 
ET. e enitivs ability E. = oe the 
results into those tasks at which men hav 


If true, it 


ri ld be sent to Mary B. 
ts for reprints shou Fo 3 
P i e aperti of Paycho ogy, Wellesley Col 
; a *Wiollesley, Massachusetts 02181. 
ege, esley, 


ze 
€ literature or 
it is selective, and arbitrarily characterizes those facts 
» (5) the pharmacolo 


ant part of their pro 


ley College 


n, E. 


grounds that (a) the 


1 sex differences in cognitiv 


abilities is 


gical studies cited in support of their 
at best tangentially related to human 


relevance on some dubious cross-species 
made, 


and defended, a factual error in 
posed mechanism by which 


lic activity, 


soh wome 
been found to excel and those at which wonich 
excel. They characterize the tasks d tasks 
men do better as those “more complex onses 
requiring an inhibition of immediate nean 
to obvious stimulus attributes in fav utes 
responses to less obvious stimulus attri jen? 
Cp. 23]" and the tasks on which ADAE 
performance is better as "simple, overlear 
perceptual-motor tasks [p. 23." The key 
cept of inhibition as used above is related thetic 
“inhibitory” function of the parasympat tom, 
division of the autonomic nervous y all 
and the behavioral consequences of enero dia 
altering the balance between the sympat “are 
and parasympathetic nervous syare jmi- 
discussed to show that parasympathetic corm 
nance is associated with the ability to per naks 
the inhibitory, perceptual-restructuring hetic 
(the kind at which men excel) and sympate" ,. 
dominance with perceptual-motor tasks pen 
which women surpass men). The authors t esi 
Seek to establish that the "sex" hormon ce 
androgens and estrogens, affect the balan i 
between activation and inhibition (the vague 
ness of this formulation is recognized and !* 
Considered below), and they discuss possible 
indirect mechanisms by which androgens anc 
estrogens might affect the autonomic nervous 
system (with, in their view, 


which produce sex di 
tasks; androgens, Secrete, 
180 
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Parasyvmp:; : 
sympathetic 
the the 
ing” 


more “com Wo queens ume 
ys Mee "i ex (“inhibitory 
adr s e estroger secreted 

S, promote the sympathetic 


domi 
u minance which facili 
acilitates for 
ates performance on 


Simp] 

€, Overle. 

*t us look “eae perceptual-motor tasks.” 
us argument more closel l 


Rey 
EVIEW 
AW AND (Cp ies 
ON Sex n LASSIFICATION OF LITERATURE 
IFFERENCES IN COGSPEIVE | 
ABILITI l 


li Or the 
erature 
available 


8 


Several c 
pe hana Prehensive reviews of the 
à Anastasi. 19 differences that are 
` Maceoby 196 58; Garai & Scheinfeld, 
Seneralization p cien, 080510) appre 
n bene ct adult males perform 
t women on men al and spatial tasks and 
{eViews rà and perceptual-motor 
les on Whiel) ^ ument the wide vari- 
| they make = : hese generalizations are 
alora? no attempt, however, to 
; similarity among the types 
at which each sex excels. 


le 


task. r a classi : 
ks ac cl iret of certain cognitive 
ER nates which they have 
PS a between the 
and e. ae excels. — While the 
at their revi E their article tend to 
1S more c lew of the sex differences 
d the Mie ^ omprehensive than it is, 
es and fem: "n ication of the tasks at which 
able dea es excel was induced from the 
Other veis it is clear from a comparison 
artie] wo categori, that the studies they classify 
Cle) Were ties (Tables 1 and 2 of their 
eses hick ated according to the hy- 
izations Se they present as inductive gen- 
the aena ed In no other way 
emales - SERVE at a class of tasks at 
«oe "acterized a superior which could be 
e OSerlenrs meeting the criteria of 

a ned repetitive behaviors mea- 


n ter 

ms = 

nS of speed, accuracy, or frequency 
minimal 


at which 
ation 


Show 


all 


just this claim, reasoning that “Although not 
commonly thought of as perceptual-motor 
behaviors, speech and reading do involve these 
functions [p. 25]" and that, therefore, there 
is no conceptual confusion in a statement like 
with other simple perceptual-motor be- 
haviors, females are superior to males from 
childhood through adulthood in verbal func- 
tions [p. 25]" Their discussion of "The 
behaviors [not “some of the behaviors" ] in 
which females are superior to males.» 
Cp. 28]" refers to a list which includes only 
"reading speed.” 

Properly employed, the hypothetico-deduc- 
tive method is essential to scientific theory 
construction, and its use in the Broverman et 


al. case is not in question. What is questionable, 
is their use of prior hypotheses (in 


however, 
this case the criteria for classitication) to select 
supporting data (here, various studies of sex 
differences) in such a way that evidence which 
directly contradicts the hypotheses is ignored. 
Apart from the difficulties of dealing with a 
is also some 


restricted range of data, there 
problem with the way Broverman et al. char- 
acterize the common factor underlying the per- 
of those tasks on which they report 
They state that 
jon of responses 


formance 
males to surpass females. 
these tas require "suppre 
to immediately obvious stimulus attributes of 
the task in favor of responses to other, not im- 
mediately obvious, stimulus attributes . ~~ 
[p. 24]" (what these attributes—obvious or 

never made clear). This 
the common 


nonobvious—are is 
abstraction and description of 
underlying ability is very similar to the descrip- 
tion by Witkin, Lewis, Hertzman, Machover, 
Meissner, and Wapner (1954) and Witkin, 
Dyk, Faterson, Goodenough, and Karp (1962) 
of the ability underlying males’ performance on 
the Gottschaldt hidden figures, rod-and-frame, 
and other similar tasks, and Witkin et al.'s 
(1954) discussion of the Rorschach (inkblot) 
test clearly illustrates the difficulties with this 
characterization. Thus, while Witkin et al. 
(1954, p. 477) describe performance on the 
hidden figures test as depending on the ability 
to perceptually restructure ("break up”) the 
drawing or to inhibit the response to the whole 
configuration (so as to concentrate on those 
the search for the hidden 
figure), they also speak of the subject's “pas- 

response to a single 
than his “actively 


parts relevant to 


sive acceptance" and 


feature of the inkblot rather 
attempting to provide an integration of form 


[1954, p. 207]" of the whole figure. There 
seems to be an unresolved contradiction here. 
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Does the ability to respond to part of a com- 
plex perceptual whole involve “passive ac- 
ceptance" or the presumably more active 
“perceptual-restructuring” ? Is response to 
the whole configuration a lack of inhibition 
of the "immediately obvious" stimulus char- 
acteristics or an "integration of form"? While 
these questions could be put into a form which 
could be tested empirically, this has not yet 
been done, and the inconsistency which they 
presently illustrate brings into question the 
description of certain tasks as "inhibitory 
restructuring" without further refinement and 
clarification of the concept. 


Thus Broverman et al.'s (1968) review and 
classification of the literature on sex differ- 
ences in cognitive abilities seems to be selec- 
tively designed to support their hypothesis as 
to the criteria or attributes which distinguish 
Cognitive tasks on Which males and females 
excel. Their selection leads them to ignore 
Or distort contradictory evidence (as in the 
case of their characterization of the tasks at 
which women surpass men) and to support 
an unclear conception of the tasks on which 
males are superior, 


RELATION oF COGNITIVE FUNCTIONS TO THE 


ACTIVITY OF THE AUTONOMIC 
NERvous SYSTEM 


In adducing evidence t 
posal that “the relationship between simple 
perceptual-motor and inhibitory perceptual- 


restructuring tasks, may be, in part a function 
of the balance between the 


of the sympathetic, and the inhibitory ten- 
dencies of the para 

nervous system [p. 
(1968) rely on studi 


o support their pro- 


argument is unexi 
the effects of Substances whi 
depress the sympathetic; parasy 
vous systems on both kinds of tasks. They 
seek to establish the hypotheses that “the 
same ergotropic functions [those mediated by 
the sympathetic nervous system] that facili- 
tate wakefulness and sensory reactivity also 
facilitate performances of simple perceptual- 

tor tasks [p. 29]" and that the same 
mo hotropic functions [those mediated by 
ae athetic nervous system] _that 
Phe. parangan $ nd sleep also contribute 
promote Wei e PA to delay initial eiut 
to the cognitive a 


they look at 
ch stimulate/ 
mpathetic ner- 


es in 
attributes ! 


tendencies to obvious stimulus imt- 
st 


favor of responses to other, les ot ed these 
lus relationships [p. 29." bed with 
Cognitive abilities which are associa wake 
"sleep and relaxation"’—as opposed to 
fulness and 


sensory reactivity’ age 
acterized as behaviors “involving i 
mediation of higher processes , an t 
involve “the production of solutions evidenc? 
tasks or situations [p. 28]"). p 
for these hypotheses, however, is slim. 
Even granting that some cogni" 
clear-cut categorization of human erceptual" 
abilities into perceptual-motor and Provermat 
restructuring could be achieved, the K d 
et al. in many cases fail to show that hemica y 
of behaviors which are affected bY anie 
altering the eperpathe tic paresy mye ese C? 
ance fall into one or the other of t PET che 
gories. For example, in the sectio funct! 
effects of depressing parasympathetic ^ c, 1 
on simple perceptual-motor tasks, (an improv" 
tion predicted by their hypothesis to an fiel 
performance), they cite increased ym s, 904 
activity, spontaneous activity in whe ts, an 
rates of conditioned responses in ra . con 
motor activity in cats as “evidence - incre 
sistent with the Proposition that an À, 


n 
E E X jminutlo 
in the activation balance via a dimi! 


operat m: 


| 

"a orease™ 

the inhibitory processes leads to in sio 

output of simple perceptual-motor be prist? 

Cp. 34]" Their notion of the aerate br 

extension of these Sorts of animal o rated 

human cognitive performance is Mee: ed 

elsewhere as follows: “Human females Snork 

human males on simple perceptua our 
tasks. 


The same sex difference in ane a 
behaviors, that is, spontaneous motor ges way 
is true in rats Cp. 37]." Without in dl re 
casting doubt on the relevance of ani! air t? 
search to human psychology, it seems on 
say that an argument that depends tivity 
analogy between spontaneous motor à€ 
in rats and reading speed in humans 
much to be desired. Some examples O 
ceptual-restructuring' tasks affected by € 
cal manipulation and Cited in support O 
hypothesis include alternate Pushing of 
levers (rats), writing slowly, temporal JH ; 
uice, ue 9" a mirror tracing i 
Frequently, it scene sivity” in retardat? 
a hat the studies C! ea 
e Su of their hypothes® a 


an 


à yes 
uper? 
hem? 
neif 
tw? 


n 
qualify as eviden 
that the terms "activatio 
have parallel Meanj : 
x ngs in an 
neurophysiology ; that, for aed "nm 
^ ple, th 


o 

[- 

fad 

m 

cc) 

p 

in 

a 

È 

3 

"à 

=~ 

z ex 

E. * ee LA 

] —— —— 

a 


3 


' 


tos 


â neuron 


Certa; 
ertain]y u 


183 


THEORETICAL NOTES 


of the 


to Pavlov's 
"activation" 


Spontaneous 
à simple one- 
pryoholagical and 
ht in vies; of argument would 
and “Gnhipse Of the fact that “activ 
nhibition” lat “‘activa- 
ke but a TR E " and neurophysiology. 
in Neurophysj xamples, "activation" can 
of oue. ET to the triggering by 
: neurons or eff. z 
eural ewes ul effector, to 
of the Deed resulting. from 
j sifer a 
" to the pattern ee si el M 
of autonomic changes 
Tn mace of the sympathetic 
of one “oe to the “inhibi- 
» the “inhibi FON on the firing rate 
i pes itory" functions of the 
d Ue System include in- 
hibition^ © digestive tract. And 
Psychology has more than one 
their h Sy. The authors recog- 
ee Pt cred “span two quite 
Versus in unction, that is, central 
t they tellectual functioning [pp. 
» Not to nevertheless fail to deal 
isi Sày rigorously, with the 
r us alt} nvolves, ie 
ro, Nou 
the eds t inu Broverman et al.'s argument 
thei “vidence fo all the appropriate headings, 
E Nesis (first their repeated assertions of 
: E the prb. hypothesis, then as con- 
Section) i. Binning and end of almost 
X thar inadequate to support their 
cen ES functional relationship 
incl Ivation/inhibition or adren- 
f o Dàrasym a processes or sympa- 
m Ognitive ta pathetic activity and the kinds 
c, bed in sow listed in Tables 1 and 2 or 
"Ceptual € text as perceptual-motor and 
Testructuring. 


q E > 
ed activation 


nize tha 

a Parate 

29. 9nomie 
=30],” 


sion 


oa betw 
/Cholj 
uod 


Ry 
ELATIQK or 


THE 6A ANDROGENS AND ESTROGENS TO 


CT: a 
IVATION-I NHIBITION’’ BALANCE 


This á 
m Pin phase of Broverman et al.'s argu- 
to establish a connection between 
SYmpathec androgens, sympathetic/para- 
n 'etic balance, and cognitive perform- 
d ney cite evidence from "'rats, the sow, 
that Possibly, the human Cp. 37]" indicating 
th estrogens are related to “activity” in 
funr dee of spontaneous motor activity, and 
androgens are also related to spontaneous 


activity (in rats and goldfish), but to a lesser 
extent than estrogens. This sort of evidence 
of the effects of hormones on the “behavioral 
ssion of the activation-inhibition bal- 
ance [p. 39]" leads them to think that "the 
cognitive activation-inhibition differences be- 
tween the sexes in both animals and humans, 
therefore, may be primarily due to sex differ- 
ences in estrogens [p. 39]." (As passages 
such as these illustrate, it is not clear that the 
authors consistently use “activation-inhibition 
balance” as either a psychological construct or 
a neurological process. In fact, they stipula- 
tively define activation and inhibition as 
having both behavioral and neurological re- 
ferents, and their argument seems to rely 
heavily on a blurring of the distinction between 


expre 


the two.) 
While the authors have not, at this point in 


their argument, actually equated "activation- 
balance" with sympathetic-para- 
c balance, the paper requires a very 
ling in order to avoid the inference 


the same. When the authors do 
ible 


inhibition 
sympatheti 
careful reac 


that they are 
turn directly to a consideration of pos 


mechanisms by which androgens and estrogens 
could affect the parasympathetic and sympa- 
‘stems, respectively, they sug- 
gest that the hormone effects are mediated 
through their influence on the enzymes which 
control the available stores of the two trans- 
mitter substances for the autonomic nervous 


Specifically, their proposal is that the 
ne oxidase “provides a ra- 


for explaining the apparent 
"] hormones 


thetic nervous 


system. 
enzyme monoamir 
tional mechanism 
activation effects of these [sex 


[p. 40]" since it both regulates the amount 
s a transmitter sub- 


of adrenaline available a: 
stance in the sympathetic nervous system and 
androgens and 


is itself influenced by both 
estrogens. In the section on “Steroid ‘Sex’ 
mpathetic Nervous 


Hormones and the Parasy 
System," the authors cite as "perhaps the best 
evidence [p. 401" of hormonal effects the fact 


that the concentration of choline acetylase, 
an enzyme involved in regulating the amount 
of acetylcholine available as a transmitter 
substance, rises in the hypothalamus of cas- 
trated rats. Apparently Broverman et al. 
are unaware of the fact that while adrenergic 
and sympathetic, cholinergic and parasym- 
pathetic are often used loosely as synonymous 
the transmitter substance in the pre- 
ganglionic (central) portion of the sympathetic 
nervous system is acetylcholine (Ruch & 
Fulton, 1960, p. 228). "Sex" hormone effects 
on choline acetylase concentrations in the 


terms, 
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hypothalamus, therefore, do not constitute 
evidence—indirect or otherwise—of hormonal 
effects on the balance between sympathetic/ 
parasympathetic activity, which is the general 
point they are trying to establish. They offer 
no other evidence that “sex” hormones have 
any effect on the activity of the parasympathe- 
tic nervous system. (When Singer & Mont- 
gomery, 1969, commented on the nonidentity 
of cholinergic-parasympathetic and adrenergic- 
sympathetic, Boverman et al., 1969, replied 
that these were "arbitrary problems of defini- 
tion [p. 328].” This, of course, is true. 
the context of the Broverman et al. 
however, it is clear that that authors must be 
ignorant of the factual point that the sympa- 
thetic nervous system does invo 
transmission, since they ha 
hypothalamic choline acetylase as evidence 
that sex hormones affect the parasympathetic 
nervous system. It is simply false for them to 
say that "No part of our argument needs to be 
altered, regardless of which termino 
employed [p. 329." Their 
be altered in light of the 
embodied in a precise use 
thetic; parasympathetic 
cholinergic.) 


In 
paper, 


lve cholinergic 
ve cited inc ad 


logy is 
argument needs to 
factual distinction 
of the terms sympa- 
and adrenegric/ 

In the final section of their paper, Bover- 
man et al. (1968) note that the “simple per- 
ceptual-motor versus inhibitory restructuring 
abilities need not be the only intrapsychic 
cognitive antagonism [p. 43].” With refer- 
ence to the thesis (Piaget, 1950; Werner, 1957) 
that ontogenetic development, like phylogene- 
tic evolution, involves integration and sub- 
ordination of “primitive” mental processes to 
more "complex" ones, they suggest that the 
argument they have developed “could be 
applied to all stages of development [p. 43]." 
(One suspects that a more forthright exposition 
of the implications of this notion might be 
found in Funke (1968) where it was 
that females constitute a “ 
missing link in the evoluti 
anthropoid 


suggested 
semi-human” 


onary passage from 
ape to man (cf. human).) 


In sum, Broverman et al. “feel that the gen- 
eral arguments of this paper may be brought 
to bear upon a much wider domain of be- 
havioral phenomena . «dp Zu Con- 
sidering the nature and relevance of the evi- 
dence on which their arguments rest, such a 
generalization of their thesis seems at best 
premature. As it stands, their conclusion us 
resents another in a series of purporte lly 
objective, scientifically empty As Ellis (1934) 
the topic of sex differences. As is 
has said, 


sexual 
The history of opinion regarding the cerebral se a 
difference forms a painful page in scientific ü over’ 
It is full of prejudices, assumptions, fallacies, 
hasty generalizations. 


SES Wave He 
The unscientific hajoaa 
a predilection for this subject; and men " ds they 
seem to have lost the scientific spirit wh 


approached the study of its seat Cp. 119]. 
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theory of m 
ways in whic 
are related. 
seem to imp! 
of meaning, 
(see Alston, 
of meaning). 
issues raised here a 


equally to all theories of 
tally, we are concerned about the problems involved 


in trying to “di a “language” rather than 


scover" 
to explain how i to use language. 


t is possible 
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shared meanings. 


It would be reasonable, 
then, 


to expect that investigations conducted 
under the rubric of nonverbal communication 
would be concerned with the 
Subject (encoder) and with th 
(code) by which he makes his experience 
public to another (decoder). Instead, a re- 
view of the extensive literature in this area 
indicates that most investigations seem to 
be concerned with the significance which 
some observer can attribute to a particular 
behavior; that is, the emphasis seems to be 
primarily on decoding. Even given a de- 
coding approach, there is little consensus 
about any set of behaviors which can be con- 
sidered to serve communication functions, 
and the literature consists, for the most part, 
of a fragmented and unsystematic array of 
reports, with almost any conceivable be- 
havior considered by one or another investi- 
gator to have 


transmitting 
1€ behaviors 


some communicative signif- 
icance. Thus, such diverse movements as 
body or head Positions, lint picking, foot 
kicking, Scratching, gross postural shifts, 


and hand and arm movements 
up during a verbalization have 
ered equally cogent and reley 
vestigation of communication, 
Whatever the conceptual approach (eig. 
transactional, psychoanalytic) or the con- 
cerns of the investigators (e.g., behaviors of 
individuals or of groups), most if not all 
investigators seem to take a decoding per- 
spective, Investigators who share this per- 
spective also appear to share an assumption 
that if the observer can make an inference 
about an individual from his behavior, then 
the behavior can be considered to be a com- 
munication, Unfortunately, kind of 
implicit assumption see 
of sign with the noti 
“sign” 


such as palm 
been consid- 
ant for an in- 


on of communication,’ 
observer 
ing some 
5 The issues discussed in this p: 


aper are relevant 


rimarily to those investigators, Whatever their 
pri ana or their philosophical or theoretical 
eun whose definitions distinguish, either 
orienta , 


i coltaitly. nmunication or langua, È 
Meds Dom one baimen e E 
a ES make no such distinctions, for 
icr q^ beo who treat all behaviors as signs, 
s issues discussed in this paper may not 
le elevent (see Footnote 7 also). 
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sor, while 
significance to, an event or behavior Er 
“communication” implies (a) "d (D) an 
shared signal system, that is, a coc s ^ia that 
encoder who makes something pubs We 
code, and (c) a decoder who responds 
tematically to that code.? Rd 
When investigators have not m ome 
tinguished sign from communica by" 
statement, “I take v to be a sign 0 sic 
comes transformed into, and eit 
equivalent to, the statement, por in 
cates y via w.” : en when 
For eX- 
ctt- 


y dis- 
Q the 
be- 
tered 


The logical diffi 
this transformation can easily he Se 
it is applied to inanimate Even. 3i 
ample, the fact that one may take ling ral 
mulus clouds to be a sign of impenc nicate 
does not mean that the clouds commn cu^ 
via a code which includes darkness wert be” 
mulusness, that it will soon rain. Ne trans 
less, investigators have frequenter 
formed statements such as “I take state- 
+ to be a sign that he is angry pp via 
ments like “He communicates his woot anc 
behavior v.” hat while ah may 


king 


wk 


It is clea 
all behaviors of an individual or rae 
be used by an observer as a basis a : m ken 
inferences (ie, any behavior may nication 
as a sign of something else), comina 
implies something about the activity 


oO 
Ó R :oenificance 
behaving one and the specific significa 

the act. 


Movements are Expressive m 
i 


: à a sions 
This kind of confusion among signs, be 


rs tter 
ferences, and communications can be 


of 
: x 4 , ared set © 
5 By “code” we Will mean only a sharec d 
behaviors Which have referents, a” dn 
Morse code. 


the 


as for others, “ 
rules. governin 
code elements 


: tog some 
language” additionally implies "a 
E organization and combinatio 
(i.e., grammar, 


Syntax). jis- 
7 i ye wi cons; o 
. While we will go to considerable length to his 
tinguish sign and communication behavior, he 
distinction is important only jf the concern © If 
investigator Js with Communication per se f 
the concern is with understanding the behavior 9 
à particular individua], Signs and communications 
may be equally valuable 

tinction between 


É is- 
data Sources, and the E 
WO Sets is not very rele 
st concern is with communi- 
SE get Stem ing rticular 
individuals or particųl lependent of particula 


= s x, ar refe 8 is- 
tinctions are important, rents—then these dis 


these 4 
vant. If, however, the 


cation—that is, a sys 


NONVERBAL 


in which 


€xemplifie 

he et showing two way 
be interpret a a we expressive" can 
Phrase to me Que interpretation takes the 
fied Modes ‘In principle, under speci- 
every action “3 everything a person does, 
used by a trai r movement he makes, can be 
tive ie pia knowledgeable, and sensi- 
haviors Mor aS a basis (either from the be- 
9n these “eh or from inferences based 
erring e et lors) for categorizing (or in- 
thoughts, md ths individual—his state, 
Patterns," uL UM or cultural 
“everything ; 1 this context, the phrase 
as a basis | V person does ...can be used 
De abstracted . for inferring about . . .” can 
T Occurs ed to the statement, “If behavior 
: infer a con- 


Comitant ; aM observer may 
as iinet Y. or an antecedent z, or both, 
es of the behavior x.” 

of the phrase 
takes "expres- 
eed ae, a behavior isa manifesta- 
ES The ; TB which is itself not observ- 
Tetation s apparent reasoning in this inter- 
Somethin ie that since an observer can infer 
sychodd a ei" a genotypical characteristic, 

amic conflict, or group member- 


1 
about 
t ut the speaker from a movement— 
n word—then 


have 
that 
the 


^ SOmeth; 

do, Mething is being 
Bp a US dS BOHE 

‘movements are 


his interpretation of ‘ 


€x 

Xpress: 

3 Siye” . E 

hive SE then involves a shift from an ob- 
h making an inference, given certain 
J o is mani- 


avio 

avioral ey : 
al events, to a subject wh 
communicating 


s interpretation, 
on. What 
by the ob- 
while the 


festi, 
Via F4 Something, that is, 
there Fins behaviors. In thi 
B HM it a further transformati 
"er p evident is known 
us Praet makes the inference. 
E ade ea neither knows what is being 
lor does Fen (his assumed communication) 
Movement RE make any inference about his 
Moveme . For this reason, the phrase 
°rmed ET are expressive" is further trans- 
teveali o read: SA person, in doing a, ds 
havio ng y covertly.” In this form, the be- 
r is seen as 4 manifestation of some- 
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thing covert which is being involuntarily 


communicated or revealed." 
For investigators who use this second in- 
terpretation of the phrase, if something is 
covert and being revealed, it seems reason- 
able to infer that what is being revealed must 
be unacceptable or it would be expressed in 
a more overt form. Further, these investi- 
that if something is covert, 
then its behavioral manifestation must be in 
a form which should not be recognizable by 
the actor, that is, symbolic in the psycho- 
analytic. sense. In final form, the phrase 
“movements are expressive," as interpreted 
from this perspective, seems to mean: “ 
person's behavior .t communicates in some 
symbolic form his unacceptable thoughts, 


affect, impulses, etc.” 


The first interpretatio 
was concerned 


gators reason 


n of “movements are 
1 with an observer 
nces about traits of the sub- 
t cognitive or affective 
experiences of the subject, and/or about 
antecedents of the behavior. In contrast, 
the transformations of the second interpre- 
tation have subtly shifted the focus to à sub- 
who intentionally or unintentionally 
cceptable content by means of 


]n these transformations 
ho is 


an observer W 


expressive" 
who makes infere 
ject, about concurren 


ject 

symbolizes una 

these. behaviors. 

there is also a shift from 

knowledgeable about a set of categories, uses 
f correlated 


them reliably, and has a set O 
events with which he associates the categories 


in his observation, to an observer who has 
been specially trained to interpret symbolic 
forms of expression within the context of 
some particular theory (e.g. psychoanalytic). 

While the transformation patterns de- 
scribed above may seem like word games, 
an examination of the literature on body 
language, expressive movements, and non- 
verbal communication would indicate that 
all too often an observer's inference seems 
to be interpreted as à subject’s communica- 
tion, either explicitly by the investigator 


inconscious com 


the subject often 
10vements 


pting to infer v 
s, since 
vare of his n 
struct them as he is aware of 
t his spoken words. The 
d awareness are discussed 


s Tt is all too tem 
tion from movement 


munica 
r as av 


seems to be neithe 
nor as able to recon 
and able to reconstruc 
issues of intentionality an 


later. 
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himself or by some ambiguity in the concep- 
tualization which makes it possible for 
less sophisticated reader ton 
formation. The shift from 
making observer to a 
ject takes different forms, depending on the 
behaviors being investigated 
Syncratic vs, socially sh 
retical assumptions of th 
psychoanalytic theory vs 
role theory). We will 
the transformation fron 
tion as it occurs in the 
of representative approaches to the study 
of nonverbal communication py referring to 
investigators who have been trying to under- 
stand the individual and to investigators con- 
cerned with group behavior, 

In selecting our exemplars, we have tried 
Whenever possible to select the most influen- 
tial investigators, many of whom have also 
been concerned with the very transforma- 
tion issue with which we are concerned, 
However, we will attempt to demonstrate 
that despite the concern for distinguishing 
communicative from noncommunicative non- 
verbal behavior, the decoding perspective 
which has been the primary focus of investi- 
gations in this area can be 
source of confusion in the f 
Simultaneously we hope to 
each example additional 
feel are important if we 
conceptual framework 


a 
lake the trans- 
an inference- 
communicating. sub. 


(e.g. idio- 
ared) or the theo. 
€ investigator (e.g., 
- social learning or 
attempt to exemplify 
1 sign to communica- 
context of a number 


seen as a main 
eld in general. 
explore within 
issues which we 
are to arrive at a 
which will 


In any case, 
either implicit or e 


whose works 
without their pioneer- 
ing work there would be nothing to extend, 
Decoding Perspectives with F 


OCUS on 
Individual 


the 

'The writings of many of the Psychoanalyt- 
ically oriented investigators clearly show 
red ay in which the transformation from 
a bec as sign to movement as communi- 
adiu. could occur.’ Given the assumptions 
cation : 


1¢ rly a number sychoanal yti- 
9 er of p i 
re are clearl f 

ally oriented investigators w ho have been explicit 
Ci 
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T" ich psvchoanalyt- 

and the context within which dero 

ically oriented investigators have ps mali 
= € 

ally worked, 


it is seductively easy ‘s task 


Such a transformation. The gute estie 
in the psychoanalytically oriented arie 
is to make his past and present en slvat 
public via verbal language; the eee dii 
task is to understand or "make c. this 
the patient's report. To utilerstanc, n adi 
tradition, is to seek indexes ol pcm 
experiences which arc not being " latent 
Thus, with verbal material it is p. ich i$ 
rather than the manifest. content ec with 
taken to be most critical. "This € tions 
latent content goes with the ce con- 
that everything which is available Trodal 
sciousness should be communicable q that 
consensually shared verbal forms ps con- 
anything which is not available tefende! 
sciousness (i.e., anything being "amni in 
against) will be evident only in id „ognize 
which the patient himself could not! Ee syn" 
the content—that is, the material is 1! 

bolic form. ontent 

From our viewpoint, the latent pn j 

may be seen as an inference drawn e} ‘liza 
therapist based on the patient's ver vnd 
tions, Although we agree that the ver" 
est content is a communication, when ;cho- 
balizations are interpreted within a eis to 
analytically oriented context, they ke 
be used as behaviors, with the i) 
treated as signs of some other Lind. 
state, affect, or experience. What we W ken 
take to be an inference seems to be p 
by these investigators to be some latent KU 
tent. It would seem, however, that in ni- 
psychoanalytically oriented view, both ma 2 
fest and latent content are often treated 2° 
equivalent in terms of communications. c 
both types of content, many psychoanaty S 
ically oriented observers seem to see them 

selves as decoding a communication encode! 

by and emanating from the patient, Indee: 
to talk about latent content at all seems te 


presuppose that those Meanings are “in 
the utterance and, 


by extension, “in” the 
speaker, rather than 
the listener’s inferer 
tions thus ca 


that those meanings are 


he transforma- 
rom “I can infe 
infereng s 


es fr atient's 
g., Mahi, 1968). the patier 


Nees, 
n Moye Subtly f 


communications (e, 


/ NONVERBAL BEHAVIOR 
* trom his , " 
municates b ges to "his utterance com- 
olically and o "he communicates v sym- 
extent that thus unconsciously." To the 
Verba] op e A occur for 
Oriented eis ^ lor any psychoanalytically 
tions em , tigators, the same transforma- 
ealing wit! occur even more easily when 
1 the aras fenverba] behaviors, especially 
acie manife " behaviors are taken as prima 
1 is by m of some latent content 
le patient Matin unable to be verbalized. 
Verba] ben. San then be seen as using non- 
Cate that = iors unconsciously to communi- 
Municate à nich he cannot or will not com- 
explicit a n. Deutsch (1959) made 
havior HS kind of assumption: “Postural 
instinctual already a stage of transformed 
rudiment drives, a kind of acting out ina 
of expression that could 
1291.” Feld- 
and Robinson 
positions very 


Ot rea I way 
Man ore verbal level [p. 
1955) 299)» Reik (1954). 
Similar seem to have taken 
The to this one.!? 
ere are z E " 
“Ms for are a number of interrelated p 
ation il communi- 
deh, rbal 
en- 


rob- 


n Understanding nonverba 
ipe m system which arise if nonver 
ding $ P considered to be unconscious 
wg f experience. First, if the uncon- 
icn, e ertai 
= Na re il occurring in psychoanalyt- 
Duy eli ed psychotherapy seem almost guaran- 
Ychoanal Ste material which is consistent with 
nn Boni assumptions about manifest and 
tie a i and which thus precludes question- 
i Meer DE of unconscious communica- 
S of tig frequently note particular be- 
n or E patients, cither from direct obser- 
Ta a the patient's report of past be- 
9 understand the patient better, the 
SEA then ask him to talk about his 
„© Concurrent with that behavior. For 
Whe you Pus may be directed to. “tell me 
Dati you did (what you were thinking, etc.) 
Ver} nts will X (some particular behavior). Most 
is 22! comm respond to this directive with some 
hays ™Pting ee about some experience. It 
me " was ce to assume that the nonverbal be- 
[SUN Dünicateq sammi enm of what was later 
ther, Casier to | NE geen forms. It is 
x aoe Tias E ma this assumption if the 
ig "lence from the ieee about the patient's 
, and this inference 


Nera ns 
ex, Dist 


. Sty 
tio, Port: 2 
Ong ed by the patient's s 
. n8, 2 sul = M : 
Dis If verbalization does ran vs DN ee el 
i cur, the thera- 
ion, thus 


1 S 
May still infer resistance or repr, 
assumption that the m o 

havior was 


Supp, 
unication. 


" Orting his 
Onverbal comm 
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ng ds considered to be idio- 
if each person encodes his 
lifferent way), then there 
ssiblity of deriving 
for encoding €x- 
Tf a consensually 


cious encodit 
syneratic (i.e.. 
experience in a ¢ 
seems to be little if any po 
a socially shared system 
perience in movements. 

d system of encoding experience 1S 
taken to be one of the criteria of a com- 
munication system (as in verbal language), 
idiosyncratic unconscious encoding woul 
not meet this criterion. From a research 


the view that each individual en- 
in some idiosyncratic 


a series of case 
g how a particularly insight- 
ful and experienced observer has cracked 
r idiosyncratic code. Such inten- 
are common in many psy- 
choanalytically oriented contributions to the 
literature on nonverbal communication. 
However, there appeat io be no principles 
determining which behaviors are selected 
for study or interpretation by the investiga- 
there seems to be little overlap of 
the significance of par- 
Tt is unclear how any 
lies could increase our 
1 communication as 


share 


concern, 
codes his experience 
behavior could only yield 
studies showin 


a particula 
sive case studies 


tor, and 
research efforts on 
ticular movements. 
number of case stuc 
knowledge of nonverba 
a system. 

Second, 


perience is 
than idiosyncratic fori 


if unconscious encoding of ex- 
assumed to take consensual rather 
ms, then this assump- 
tion would at the least be more consistent 
with most views about communication. 
However, this view requires some considera- 
tion of the status of the decoders. It could 
be assumed that there is a select group of 
decoders, that is. decoders (e.g. psycho- 
analysts) who know a code that others do 
not know. This assumption would result 
in an unusual distribution of encoders and 
decoders. In most communication groups, 
there seem to be more decoders than en- 
coders of the communication system. For 
example, children decode verbal language 
forms which they do not use in encoding, 
and beginning students of a foreign language 
can often decode more than they can encode. 
Thus, the notion of a communication system 
which contains all members of the group 
as encoders, but only a few as decoders, 
seems contrary to what we find about en- 
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coding and decoding within other eer 
cation systems (e.g., verbal language). Ad- 
ditionally, the assumption of consensual un- 
conscious encoding requires some empirical 
documentation of the posited significance of 
a movement. Further, if every movement 
were taken to be an unconscious consensual 
encoding of experience, any research effort 
would leave most movements unstudied, 
and no finite number of experimental studies 
would justify logically the generalization 
that all movements are universally encoded 
communications. If only some movements 
are to be taken to be encodings, it is dif- 
ficult to know the basis for determining 
Which movements are relevant for study. 

It is possible, of course, to assume that all 
behaviors are consensually unconsciously 
decoded as well as consensually and uncon- 
sciously encoded, with only a few members 
of the communication group able to decode 
consciously what others encode and decode 
unconsciously. Tf this view of nonverbal 
behavior as communication is taken, it is 
incumbent upon the conscious decoders to 


specify at the very least the explicit criteria 
they use for determining the consensual re- 
ferent 


of particular behaviors. To our 


knowledge, no attempt at such specification 
of criteria has been made. 


In sum, the kind of approach to com- 
munication exemplified by many psycho- 
analytically oriented 


investigators is so 
broad that any and all behaviors are con- 


sidered to be communications. Tt is difficult 
lo see in this approach any basis for develop- 
mg a systematic study of nonverbal be- 
haviors as communication given (a) some 


of the assertions in the theory and the pro- 
cedures of those who use 


way, and (b) the fact th 
behavior to the category 
seems to be based sole 
ability to make an 
havior. 


the theory in this 
at assigning of a 
of communication 
ly on the observer’s 
inference from the be- 


If no distinction is made between 


signs and communications, it is unclear how 


such an approach could contribute anything 
to the study of communication as a special 
system or as a special set of behaviors. Tn 


fact, there seems to be no logical b 


asis for 
excluding from 


communication instances 
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any occurrence about which the observer 
might make an inference. This failure 
distinguish sign from communication, a 
inference making from decoding, would yié : 
a fragmented and unsystematic r prise 
literature, whose contribution to the study 
of communication as a special system 1s un- 
certain. In our view, it would seem i 
an attempt must be made to distinguish sigh 
from communication before 
communication em- 


conceptually 
can be investigated 
pirically in any systematic way. e" 
There is a group of investigators (eB 
Dittmann, 1962; Duncan, 1969; Sainsbury, 
1955) who do not seem to be concerne? 
about making the distinction between mu 
ments as signs and movements as sammua 
cations. In contrast to the psychoanalyt 
ically oriented investigators discussed aboy ? 
who seem to treat all behaviors as eA 
munications, the latter investigators appe! 
to treat all behaviors as signs. For example. 
Sainsbury correlated the occurrence of "€ 
ment in any part of the body with indexes 9 
affect (e.g., verbalization, galvanic skin Te 
sponse); Dittmann correlated the occur- 
rence of head, arm, and foot movements with 
verbal indexes of affect: and Duncan (pet 
sonal communication, 1969) correlate’ 
movements from various parts of the body 
with each other and with verbalizations: 
However, since these investigators also rt 
participants in a therapeutic interview nt 
subjects, the temptation is ever present me 
a reader to view the observed behaviors 2 
communications of affect or other momentan) 
States, much as these transformations wt 
made by some psychoanalytically pie 
investigators, Whatever the view of "ES 
investigators about the relevance OF dent 
portance of making a sign-commumea id 
distinction, subsequent workers in the ea 
appear to have taken these investigation” by 
studies of communication, as evidences (ure 
the inclusion of such studies in the literat 
on nonverbal communication”? 


rrela 


™ The studies cited above nent 


tion techniques and which 
are expressive of othe 
earlier work of 
Wolff (1935), 


related movement 


which use ees 
imply that move! 
r states, are similat aml 
Allport and Vernon (1939 zd 
These earlier investigators 


[2s 
h oth 
s and movement styles wit 
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Incident: , 

ps hile a corr lational research 
gation of mo T appropriate for the investi- 
enduring or vements as signs or indexes of 
Seems less a momenary, states, this strategy 
ments as R opriate for a study of move- 
tion Systane papier . A communica- 
quires that ( »y our definition at least, re- 
be specified eis jadividn! units of behavior 
have on ) e of these behavior units 
most ner d poni and (c) for the 
different = ion significance of each unit be 
n the ane een significance of other units. 
Movements H studies cited above, all 
have been bes iin any one part of the body 
ach mover seated as interchangeable. with 
nificance ag thus having no special sig- 
Personal e.g., Dittmann, 1962; S. Duncan, 
EV A 1969), or any 
treated as of one part of the body has been 
Other oa, equivalent to any movement of any 
1955) Mo of. the body (e£ Sainsbu 
kind of t is difficult, then, to see how this 

approach can be heuristic for the 


Inveot; 

Cstigati 

Were ie of communication as à 5 sstem, 

or yone concerned about these data 
i The 


communication. 


the 
le study of 
signs approach, 


Tesults of 

ike "ed the all-behaviors-as- 
long in st the all-hehaviors-as-communica- 
Series Mecum, have been either (a) a 
Woven, case studies in which particular 
ements are found to be correlated with 


Part 

lular į 

ar indexes for a particular person in 
1962 ; 


; 
Parti 
d lecular S 
3 Simi context (eg, Dittmann, 
T personal communication, 1969). 
a general conclusion such as move- 


t gener ei " 
general express affect m genera 


Dent ; 
e studies 


'85 Sains 
porao ansiury, 1085). Tio T 
Make c! appears to yield findings which 
any state- 


M a 
1 it di x 
ne of a to arrive at 
shared or concensual use 


== 


of move- 
m — "s 
n turn were 


ba z 
ae 

vi iors (e 
during state 


le 

W r. ha vis Pe 

Ved as nae handwriting) which 3 
exes of a relatively en 


Derg, 
Personali 
3,4, 9n 
arce ality, character tings of these 
Vian? investi us acter). The writings O mes 
Nvestigators seem to have focused on indi- 
f the 


f an pa a on the consistency o 
ividual over time, and seem to 

: concerned with nonverbal com- 
of Mi ge ian these investigators de- 
i. tS Seems o matter as expr ive 
cag Work in Fe have prompted the inclusion 
the pocion by i the literature on nonverbal com- 
“search ` some authors, and has influenced 

Strategy of later investigators. 


of a Ment 
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ments; the general statement, by its very all 
inclusiveness and lack of specificity, makes 
further research almost unnecessary. In 
sum, à movement-as-signs approach, how- 
ig and time consuming, would 
to understanding of non- 
if communication is 
red system for the 
its decoding by 


ever painstakir 
not seem to lead 
verbal communication, 
taken to be a socially sha 
encoding of experience and 

another member of the group. 
investigators (eg. Rrout, 1935a, 
Mahl, 1968) have distinguished con- 
een movements as signs and 
movements as communications. Krout dis- 
tinguishes conventional gestures, which he 
defines as socially patterned and shared 
forms of behavior, from autistic gestures, 
which he defines as movements which are 
unique for a particular individual in a par- 
ticular context. Mahl similarly distinguishes 
communicative gestures, which he defines a5 
movements which everyone would agree are 
substitutable for a verbal utterance?” from 
gestures, defined as movements 
which are not substitutable for à verbal 
In his conceptualizations, Mahl 


utterance. 
gestures in the 


included these autistic $ 
movements. Despite 


istinguish between 
com- 


Some 
1935b ; 
ceptually betw 


autistic 


has 
class of informative 
these explicit attempts to d 
nts as signs and movements as 
of a decoding approach 
makes it difficult to 


As we have sug- 


moyeme! 
munications, the use 
in studies of gestures 
maintain this distinction. 
gested. there does not seem to be any way 
of knowing from an observer's perspective 
whether one is decoding à communication 
encoded by the indivic one 
is drawing an^ inference 
We hold that these difficultie 
ina decoding perspective. even for investiga- 
tors who attempt tO distinguish signs a" 
communication, and can best be exemplified 
jn some work of Krout (1935a, 1935b) and 
of Mahl (1968) with autistic gestures. 


{ual or whether 
from his behavior. 
s are inherent 


"conventional ges- 
' and "icommunicative gestures" may appear 
to refer to the same € s of events. However, 
Krout’s category also includes @ 8 eat many 80- 
i vements (e.g. bread butterins, 
cially patter e jing 


: 3 t appe 
dim w do not 3 
a © an cubstitutability for a verbal 


At first glance, the terms 


12 


tures 


car £ 
Mahl’s crit 
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Krout (1935a, 1935b), for example, states 
explicitly that “autistic gestures have no 
definite meaning, either for the subject or 
for the individual to whom the subject is 
responding [1935a, p. 401).” This state- 
ment seems to imply that autistic gestures 
are behaviors, neither encoded nor decoded, 
Krout further hypothesizes that these be- 
haviors are explicit responses to internal 
stimulation, and he demonstrates through a 
variety of experiments that (a) a particular 
idiosyncratic behavior is related to a specifi- 
able external stimulus (word), (b) the 
external stimulus is related to other external 
stimuli (words), and (c) from the explora- 
tion of the word association configurations 
an observer may infer the existence of an 
emotional conflict or complex within the 
subject. However, when Krout finds evi- 
dence of an emotional conflict/complex and 
comes to the conclusion that an autistic 
Sesture is a disguised expression of other 
nonexpressible behaviors or 
sible words (i.e, 
Whose overt 


of nonexpres- 
those behaviors or words 
manifestation has been inhi- 
bited), the reader is likely to associate these 
kinds of statements With unconscious expres- 
Sion of repressed material. The collapse of 
the sign-communication distinction. for the 


reader is made even more probable when 
Krout (1939) states, 


Theoretically, autistic gestures Occur because they 
give us temporary relief from tension and con. 
flict. To gesture means to think frankly along 
certain lines, and to express our thoughts with 
impunity, By means of self-directed Bestures, we 
Can say things about Ourselves which Wwe are loath 


to regard as attempts at Personal advertising 
Ip. 172]. 


Although Krout at times States that his 
goal is interpretation 


when he later Says th 
Or "expresses," he se 
has decoded the subject's 
acts. In this Way, the trans 
sign to communication see 


red; if Krout himself has not made it, the 


Thus, Krout 
distinction between 
and autistic gestures 
ased on a distinction 
as communications (so. 
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cially shared patterns of encoding and = 
coding which serve to make es perience pub- 
lic) and behaviors as signs (behaviors d 
ing as a basis for inference). However, u 
coming to the conclusion that autistic ges 
tures can be seen as possible substitutes 
for verbal utterances to oneself or others, he 
could be seen as attributing the inferences he 
makes about the behaviors to an encoding 
process on the part of the subject, blurring, 
at least for the reader, the very distinction 
between signs and communication which he 
had previously attempted to introduce. 
Mahl (1968) clearly warns that an 


Interpersonal orientation to psychiatry . n a 
one in the danger of viewing everything the a 
tient does that is informative to the therapist in 
observer as though it were also communicative 
motivation [p. 334]. 


However, his own use of terms and his 
analyses of behaviors make it difficult for 
the reader to maintain the distinction he E 
carefully posits between informative and 
communicative Movements, In his One 
work with autistic movements, Mahl finds 
that inferences he has made on the basis 
of the behaviors are later validated by some 
verbal communication from the subject. He 
then seems to conclude that some autistic 
Sestures can be seen as precursors of later 
verbalizations ; that is, given the appropriate 
evidence, an autistic gesture can be inter- 
preted as involving "spontaneous nonverba 
anticipation of verbalization [p. 323]." or 
Mahl's definition of communicative gem 
specifies that the behavior can be aia 
for a verbal utterance, and since his anair 
of autistic behavior may well lead the reac re 
to the conclusion that these behaviors bat 
alternative forms of expression for ae 
which is later expressed verbally, it beim 
seem that the distinction between ae 
cative and autistic gestures can be e f- 
tained by the reader only with great € 
culty. 
Whether or not there ] 
the sign-communication distinction hese 
Krout or for Mahl, the readers of “ian, 
investigations have collapsed the distinc dies 
as evidenced by the inclusion of these ae n 
in the literature of nonverbal communicatio 


5 f 
ing 9 


is a collaps of 
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We — 
tlie em = insofar as communication at 
havior dum involves socially shared be- 
haviors miae the study of autistic be- 
Nonverbal Behr erc fo fhe study of 
Inclusion of st er To us, the very 
in the literatur sei ies of autistic movements 
is evidence 2 on nonverbal communication 
Warranted ws our concerns are not un- 
and Kroit we note, however, that Mahl 
tures, and ded their work on autistic ges- 
lave been ben other approaches which 
cerned with we thus far, have been con- 
Vidua], With « erstanding a particular indi- 
individual ee A focus on understanding an 
Says Sn be ye ling the individual does or 
about the e used as a basis for inference 
tween sig, person, and any distinction be- 
Sary um n communication 15 an unneces- 
Ocus, e hen communication is the 
View (see mc sig is mandatory in our 
While à ootnote 7). 
cerned due investigators have been con- 
Marily ín 5 eee communication prr 
Viduals ae ke more sense of particular indi- 
hi » Ekman (1964, 1965a, 1965b) and 
(eg. Ekman & Friesen, 
seem to have been more explicitly 


Ek- 


1 * 
13 associates 
368) 13 i 


xr]; 
ti Psy and systematically on 
Nevertheless, the early 
by him (at least up to anc 
Appear to include many of the con- 
and methodological problems dis- 
lus far, Like others who employ à 
*Pproach to movements, Ekman and 
Stine s. employed a definition of 
With tl ication which seems synonymous 
Concept way in which we have used the 
Friesen of sign, Specifically, Ekman and 
(1968) state that 


[M 
ge deed refers to the f 
‘ Viewing le reliably to decode tior 
the ds no in „sample of nonverbal behavior. 
no, POhverbat iBlication that the person enacting 
any assur ehavior intended to communicate 
arily ERST that the communication 
urate [p. 186]. 


formulations 
1 including 


cbtua] 
Usse 

E a d 
his 


act that ob- 
information 


he, 
“cess 1s 


n th; 
ls 
3 sf i . g 
at atement, a behavior is said to be 
Ne mi 
lise is ies recent work of Ekman and Friesen 
uss qyvalve a radical shift in perspective. We 
work in a later section of this paper. 
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communicative if a number of observers 
make the same inference on the basis of 
the behavior. Although behaviors such as 
gait as a sign of age, or hip sway as the 
basis for inference about sex, could logically 
be studied as communication within this defi- 
nition, these investigators focus on making 
inferences about affect from films or photo- 

graphs of subjects in interview situations. 
The fact that such behaviors as gait and 
hip sway are not included in their behavioral 
samples suggests that there are some implicit 
about communication which 


assumptions 
may not be included in the more explicit 


definition. Ekman and his associates have 
sampled behaviors only in the special context 
of a psychiatric interview. In this particular 
interpersonal context (which many investi- 
gators of nonverbal behavior have used as 
a data source), verbal communication is 
taking place. It seems that movements 
which have shared meanings are more likely 
to occur in a verbal communication context 
than in the many other contexts (eg., a ball 
which might have been sampled.'* 
For Ekman and his associates, as well as for 
other investigators, the very choice of a 
verbal exchange as the context for sampling 
behavior has obscured some of the difficulties 
associated with defining communication on 
the basis of observer consensus. At the 
same time, it makes their particular defini- 
tion and approach appear to be reasonable 
for the study of nonverbal communication. 
Another problem highlighted in some of 


this earlier work of Ekman and his associ- 
Iso in the work of many 


ates, but evident a a 
other investigators of nonverbal communica- 
tion, implicit if not ex- 


the assump 
nonverbal behavior in general 
t affect, or somehow 


related to affect (eg. defense against it). 
Assuming that nonverbal behaviors have 
significance. only for communicating about 
o 

possibl 


11 Jt is logically e to hold that there is an 
f verbal t 


inverse relationship of ve o nonverbal som 
ation instances (as m the hydraulic model), 


wo sets of behaviors are uncor- 
the definition we will propose 
expect most instances of non- 
ation behavior to occur 1m social 
i contexts, rather than in 


game) 


tion, is 
plicit, that 


is communication abou 


munic: 
or that these t 
related. However, 
would lead us to 
verbal communica 
verbal communication 
social situations per 5€ 
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affect appears to h 


ave limited to one dom, 
the possible rang 


eot decoding or 
making by the observer, For example, in this 
earlier work Ekman and his associates u ad 
either a two-category system for inferring 


ain 
inference 


pleasant and unpleasant affective states 
(Ekman, 1965a, 1965b) or an adjec- 
tive checklist of words such 


as “nervous,” 
“fearful,” "angry" (Ekman & 
1968). It is not clear 
logical, empirical, or 
nificance Possibilities of 
cation have been limited to affect significance, 
while verbal communications are recognized 
as having the possibility of a variety of 
domains of significance (e.g., informational, 
indicative), This implicit constraint seems 
to have unnece sarily hindered the explora- 
tion of the Possible communicative signif- 
icance of nonverbal forms of behavior, even 
within a decoding definition of communica- 
tion, 

Another methodological 
earlier works of Ekman, 
work of others, deser 
earlier studies (e.g., 
the visual stimuli 


Friesen, 
on what grounds— 
otherwise—the sig- 
nonverbal communi. 


point in these 
as well as in the 
ves mention, 


In some 
Ekman, 


19652, 1965b) 


which judges rated were 
selected from interviews by a time-sampling 


Procedure. Such a Procedure js consistent 
only with an approach which defi 
munication solely in terms of ol 
Sensus (i.e., if any beh 
Sensus can be reached is taken to be a com- 
munication, then any and all behaviors are 
equally relevant for study). From our view- 
point, however, this procedure is likely to 
sample both communicative and 
municative movements, 
possible, using this sampl 
rating System, to differentiate (a) observers’ 
decodings of communications encoded by the 
interviewee, and (b) observers’ inferences 
from the interviewee's behavior, 

One further difficulty in an approach such 
as that of Ekman and his associates in- 
volves the kind of transformation 
from inferences to subject s 
communication already noted for one in- 
vestigators. In this earlier Medis n 
(1905b) explicitly disavows the poss y 


nes com- 
Server con- 
avior on which a con- 


noncom- 
It seems hardly 
e procedure and 


same 
2s 
observers 
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ication, a 
; a ication, 
of studying encoding in communi 


i 7 i atement : 
in the following statemen mM 

S intention 
st impos | 
ecessarny 


"What the sender actually dead 
ally or nonintentionally, is not qui ah s 
sible to determine, but is in no d sili A 
equivalent to the indicative or commut 

of his nonverbal act [p. 393]. 


+ ations that 
However, there are several indie d 
Ekman and his associates, i Ag the 
seem to have assumed ue bet in- 
subject has encoded what the morn of the 
ferred. For example, the very .re is Q4 
word “decoding” implies that -—— use 
has been encoding. Simila Y nveys”, 
of such phrases as “the subject “es act! 
“the subject transmits” also mp i Fur 
encoding on the part of the subje onsenst 
ther, the failure to obtain observer Ch riable j 
is explained by invoking encoder be jimit? 
as in the following: “there might wether 
tions to nonverbal cammunionon, Tso | 
this patient or in general [Ekman come (ie 
1968, p. 169]." "None of these hacer t. 
decoding) Or statements (i.e. panes 
patient competence in nonverbal eoio 
tion) appears consistent with the eee 
of concern with encoding on the part 5 
behaving subject. However, there a no 
indication that Ekman and Friesen ae j 
More explicitly concerned with encoc i 
their study of nonverbal ue 
a recent paper (Ekman & Friesen, fered 
a category system for movements was 0 ode! 
Which depended almost entirely on Fow 
variables as criteria for categorization. „oac 
ever, it is not clear how this latter appro e 
will be made coordinate with their ia 
work, nor how it will influence their rh. 
research Strategy. We recognize, ber 
Ekman and Friesen, the difficulties invo p 
in investigating encoding; we show how 


Propose to deal with these difficulties in 4 
later section 


ome 
/ 


of this paper, 


Decoding Perspectives with Focus on Shared 
Behaviors 


In contr 


; (6 the inve igators who focus 
on the behavior of individy 


$ 3 E als, another group 
of investigators Included in the literature on 
nonverbal communication Ocuseg ein be- 
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interest to ^ ean The be- 
ast known » the latter investigators 
. OMG ct to be shared; they are 
ater pe cot standpoint, more likely to be 
are beavis communicative instances than 

Wiors specific to particular individ- 


tuals 
S: Nev 
er leas 
ficult to fire we hold that it is dif- 
Soci ermine which, if any, of these 


ally g 
J share " 
ared behavior patterns qualify as 


com 
municati 
Ica z 
Tom oy tions by our definition. Again, 
e, investigations of so- 


T perspecti 
g ared behavi : : eem 
E an individ ehavior, like the investigations 
Om the st, ual s behaviors, have proceeded 

standpoint of the observer or de- 


cially sh 


Cod 

er 

tin, ; According 

non from ee the subtle transforma- 

Snnt ic s inference to subject's 
ation is as easy to make in investi- 


Sati 

saling s 

ine 15 Shared behavi ie à 
: behaviors as it 15 m investigat- 


Indiy; 

fira viduals’ : £s 
n t se tals’ behaviors. There would at 
Pica for com- 
reg cially 


e 
eae be some advantage, 
s research, to focusing on 50 
DR if the ge, ee a disap- 
; Or | i approach makes it dit 
Met Sible to explicate a basis for 
oe in baee shared communication 
Tule-follo mast to learned social behaviors 

E Vhile " s ing behaviors. 
üviors Sud investigators of shared be- 
Tom eani to make the transformation 
ontnication, t s inference to subject’s com- 
1 ler in d wey differ somewhat from each 
havi, SEMIS of the number and kinds of 
Dünicati they include in their study of com- 
h de in Fi _ Some investigators seem to 1m- 
aviorg eir investigations only those be- 
tex s, wee occur in interpersonal con- 
"neris still others focus on behaviors 
ng with verbal communication 1 

1 each successive 

aking 


behaviors. 


ün; 
Inte 
TDers x 
"personal context, witl 


ae 
mi 
th tation or 4 
1 the range of behaviors m 


trar 
1S : n 
sformation seem less obvious to à 


ID 
or th H 
lis - x 
th lies eee of investigators, a5 well as for 
Possible = Sags; we are concerned only with 
i confusion of the sign-communication 
Jn their writi gn-co 
em may riting. We recognize that the 
DEE iban gone nde one for the reader 
Sther o or the investigators themselves. 
onn eridcitds mre valid or not, at s. 
1 Servati we question the value of the ot, E m 
havc ions made by those investigat insightfu 
Part; or of individuals or of ATE ors of the 
cular settings- icular groups in 
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reader. We attempt (a) to explicate how 
the transformation operates for some differ- 
ent investigators of these social behaviors, 
and (b) to consider some of the problems 
attendant upon each approach. In addition, 
we hope to make some further distinctions 
which we hold are necessary if we are to 
arrive at a definition of communication which 
will be consistent for both verbal and non- 
verbal behaviors, and if we are to be able 
to initiate s ic investigations of com- 


vstematt 
munication. 
(1959) is a good 


The work of Goffman 
ay the transformation from 


ation can occur (either for 


the investigator or for the reader) when the 
seems to treat all socially pat- 
as communication instances. 
t that a number of be- 
bly correlated with a per- 
son's position or role in the social system. 
He gives "insignia of office or rank: clothing, 
sex, age, and 1 cial characteristics ; size and 
posture ; speech patterns: facial ex- 
bodily gestures: and the like 
| Goffman, 1959, p. 24]." as examples of 
signs which can be used by an observer as 
a basis for inference about the person's 
membership in a particular group. Even 
type and placement of living room furniture 
can be included among the events which 
Goffman considers relevant for his concerns. 
When Goffman treats these behaviors and 
events as signs of group membership, there 
are no difficulties in accepting his insightful 
he social scene. However, he 
behaviors or events 


example of the w 
sign to communic; 


investigator 
terned behavior 
Goffman points ou 


haviors can be relia 


comments on t 


often calls these same 
“sign vehicles for expressing” and “com- 


munications.” The interchangeable use of 
the terms "sign," "sign vehicle," and “com- 
munication” may well lead a reader to be- 
lieve that all sign behaviors are trans- 
missions of information by the subject, 
rather than bases for inference by an ob- 


The transformation from sign to 
plausible in that (a) 


s cited are often 


of the group, 
res report 


server. 
communication appears 
the correlates of the behavior 
known by most members 


(b) members of the group sometin 


having taken these signs into account when 
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interacting with another, (c) the behaviors 
whose correlates are known can be and 
times are used by one person to mani 
another into attributing to the user 
correlates of the behavior, and (d) 
man uses the metaphor of the 
demonstrate his use of signs. 
There are several difficulties which can be 
exemplified in this approach. First, 
the correlates of some signs are generally 
known by members of the group !^ (e.g., 
the wearing of a mink coat is correlated with 
wealth), the correlates of other, equally fre- 
quently exhibited signs are not known ex- 
cept by a few expert observers, 
ample, some hair-grooming behavior 
to be correlated with gender ; m 
groom hair by running 
it, while females are more likely to pat their 
hair into place. If the correlates of a be- 
havior are unknown by the emitters of the 
behavior, it is difficult to see how the be- 
havior (e.g., hair grooming) could be used 
to communicate the correlate (e.g., mascu- 
linity or femininity in this case) even though 
it is a sign for the expert observer. Second, 
even if the correlate of the behavior is known 
and the behavior is Sometimes used, it 
would seem less than logical to conclude that 


the behavior is always a self-conscious enact- 
ment. 


some- 
pulate 
these 
Goff- 
theater to 


while 


For ex- 
s appear 
ales typically 
their fingers through 


There is a more basic concern 
approach which involves sign beh 
which implies enactment, 
Predictive, a correlation 
event and the other attrib 
designated must 
the co-occurrence 
any individual’s 


about an 
avior, but 
For a sign to be 
between the sign 
ute which is to be 
already be evident; that is, 
e must be known prior to 
using the sign event. For 
example, it must first be noted that the 
“Jet Set” wear certain clothes before any- 
one new can use the wearing of such clothes 
to be identified as a “Jet Setter." We can- 
not distinguish, from the clothes wearing 
itself, whether the wearer is part of the 
original group or is using his knowledge of 
the correlation. Further, to hold that a be- 


16 See later discussion under section "An Alter- 
native Approach to Nonverbal Communication." 
The same logic which is offered to determine code 

SS g “ere, " " 
use can be applied to the question of Knowing’ 
or “Known” by a respondent. 
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havior learned by a group is learned so E 
the group membership of the individual wis 
be identifiable seems to us to distort whe 
meant by learned behavior sequences. w 
call someone a “Southerner” when he spei l 
with a particular pattern of intonation ; "i | 
Southerner does not learn to speak ke 
that particular pattern of intonation so t b | 
he will be identified as a "Southerner. ts | 
would seem strange to say that he mie | 
or uses a Southern accent rather than simp) | 
that he has learned to speak that we 
Similarly, one group of girls may learn s 
wear particular kinds of clothes. When “is 
observer notes some characteristic of a 
clothing which distinguishes it from wA 
clothing of other girls, we can construct ê 
classification in terms of his observation 
This classification is introduced by the E 
server, not by the clothes wearers, ee | 
though the observer could now take th 
clothing as a predictor of subgroup member- 
ship. We would hold, then, that instances 
in which a sign is used for manipulation 
purposes are infrequent, Although some 
Signs are sometimes used for manipulatio" 
or deception, it does not seem reasonable 3 
treat all signs as if they were always used 9 
enacted, rS 
There is a second group of investigato 
(eg. Birdwhistell, 1970) who also s 
socially patterned behaviors, particula! 7 
movements. Unlike some investigators ME. 
seem to fuse sign and communication, Bit E 
whistell has in some of his early writs 
explicitly distinguished expression € 
communication in terms of a sign-commun 
cation distinction. From our perspective 
one of the most important issues raised z 
this group of investigators is that they & 
Plictly hold that nonverbal communicatio? 
could most fruitfully be considered and an@ 
lyzed in the same’ way as are verbal cot?” 
foci these investiga is commitment an 
d 8ators seem to sele 


movements of all kinds and attempt to deter- 
mine the basic units which can be consideret 
the building blocks or 1 movements, much 


as i : j 
the phoneme is Considered the equivalent 


17 This distinction ; 
"noo S someti s nid- 
whistell's anecdota] reports of SS, BAT in Bird 
Cial ehaviors. 


building 1 
i: aia S wards In a sense, these 
ous to the ew their work as being anal- 
Who deal on work of structural rest 
investigator, ; verbal-vocal material. While 
investigators of verbal language and these 
Methodolow. of movement share a Commen 
erence ere we can note an important dif- 
Suists ap agente The structural lin- 
Which ine their analysis to verbal events 
nated as : already been accepted and desig- 
tural Gee events. For the struc- 
Not, at ae on the other hand, there is 
ments Mop to our knowledge, a set of move- 
ingful to n been designated as mean- 
Applied i hich a structural analysis can be 
Dlieq io : f a structural analysis is to be ap- 
*Dplied te then, it must either be 
their er all movements, irrespective of 
ents agen value, or to those move- 
i TM ae, the investigators have taken to 
`. E ihe mu, which case it seems likely 
' t ne of movements would be 
iat the investigator can make 
to be decoded. 


selecting par- 


ased 


e 

o; "ues therefore assume 
"ue the criteria for 
but gin to analyze have not been 
Writings these investigators. - Instead, 
analytie imply that the use of a struc- 
» lead v methodology will, in and of 
5 are tread discovery of which move- 
Se i city ai and what the meaning 

iiw vements might be. 
à 50 ru uo doubt that a structural anal- 
ha mmu nts already designated as part of 
lptut ; nication system may be extremely 
senting explicating the principles for rep 

Stem 8, encoding, and decoding within the 
; it is unclear to us how à 
be specified via 


ay 
Spel] ed 
theip 
tura 


“Mple x structural ana!) 
ral, ede we agree that it 
mination of 2) vocal utterance into, 
is “a DURUM we may still ask how 
Phonemes to specify which combinations 
cies S are to be classified as mor- 
Ystem, Simi communication 
Possible fea milarly, while we agree that it is 
Into som analyze any and all movements 
n ue e combination of kines, we are still 
Whice bt as to the method or criteri : 
i it would be possible to or ated 
ha 


to some com- 


in a i 
any particular 
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the combination ABC is a kinemorph, and 
a particular movement com- 
1 ‘hile the kine combina- 
tion ABD is not a kinemorph within that 
communication system. In sum, although 
we can understand how to proceed with a 
structural analysis after a communication 
system has been designated, we do not know 
how to discover a communication system by 
an analysis of the smallest common units of 


a modality. 

Thus, if there is no a pri 
of the set of movements to be analyzed struc- 
turally, then Birdwhistell (1970) and others 
are left with the impossible task of analyzing 
every movement. Even were this task pos- 
sible, it is still not clear how an analysis of 
structure could lead to specification of mean- 
ing of the occurrences unless it is assumed 
that structure and meaning are correlated 
in some as yet unspecified way- Taking 
verbal behaviors as the paradigm of com- 
munication, this latter assumption appears 


to be less than tenable.*® 

Birdwhistell (1970) seems to recognize 
the difficulty inherent in trying to determine 
the meaning of a movement solely on the 
basis of a structural analysis of the move- 
ments, since he notes that similar movements 
may serve different functions and different 
movements may Serve similar functions. 


However, his solution to this dilemma seems 
to be a belief that the meaning of a move- 
ment will b 


e discovered by a careful analysis 
of the total context(s) 


in which the move- 
ment occurs. Again, it is no clearer how 
either à structural analysis or à detailed 
specification of the context will be a basis 
for deriving meaning—unless the meaning 
of the context is already known or posited. 
Incidentally, Birdwhistell appe 


ars to com- 
pound somewhat the difficulties associated 
th this approach wh 


en he holds that the 
xovement will be known 
l context is known. 


thus part of 
munication system, w 


ori specification 


wi 
meaning of the n 
only when the tota 


This 


ystems, the rela- 
referents appears 
that is, no consistent. prin- 
bol and referent are appar- 
e relationship between 


communication S 


1s In verbal 
symbols and 


tionship between 
to be quite arbitrary ; 
ciples for relating sym 
ent. It seems unlikely that th 
symbol and referent in nonverbal co! 
systems would be any less arbitrary- 


mmunication 
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latter task seems logically impossible. It is 
not clear how an investigator can know 
that he knows the total context. We hold 
with Wiener and Mehrabian (1968) that 
since we do not know whether there is any- 
thing we do not know, we cannot be certain 
we know the total. Empirically it would 
seem that this search for the total context 
would be endless, for it will always be pos- 
sible to include something else in the total, 
as Birdwhistell seems to do when he 
includes olfactory components and micro- 
momentary muscle changes as part of his 
concern with the total context. 

Somewhat tangentially, 
become fa 


now 


it seems to have 
ishionable for some investigators of 
nonverbal communication to use inst 
which allow much more detailed inspection 
of behavior than would be possible for the 
average observer of the behavior 
Haggard & Isaacs, 1966). 
Such devices might be helpful for detailed 
description of the observed events, or even 
for drawing hypotheses of correlations be- 
tween particular aspects of the behaviors 
and other ongoing events, It is difficult, 
however, to see how minute movements dis- 
Covered with special equipment could be 
included as part of a communication System, 
if these movements could not even be 
able by participants in ordin 


ruments 


(e.g., 
The use of 


observ- 
ary interactions, 
1970) observa- 
ared patterns of move- 
ment have been most insightful, and his 
delineation of the particular muscles involved 
in specific constellations (e.g., smile) for 
particular subgroups has been informative, 
However, it is not evident how this type of 
structural approach will lead to the specifi- 
cation of the movements which are to be con- 
sidered as communications rather thar 
nor how the meaning of 
be determined. 

There are a number of iny T 
Scheflen, 1964a, 1964b, 1965, 1967 ; Watzla- 
wick, Beavin, & Jackson, 1967) whom we 
categorize as taking as nonverbal communi- 
cation any behavior occurring in an inter- 
personal setting. While Scheflen Mel iiis 
asserts a distinction between hes pe v 

ad informative movements, at other imes 
ke seems to be espousing a definition simi- 


In sum, Birdwhistell's ( 
tions about socially sh 


1 signs, 
any movement will 


estigators (e.g., 
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lar to Watzlawick et al., who explicitly b 
fine communication as “any era le | 
ring in the presence of another. Jüves the | 
tors who hold this view seem to justify ) 
use of the context (interpersonal a 
as defining communication unanini do 
trying to show how the behaviors bee by 
occur in this setting can be understooc d 
an observer. In showing how they e 
sense of the behaviors, they, like d 
others, seem to be making the parit. 
tion and fusing the notions of sign and e re 
munication which from our wor 
quire separation. For example, ag r se 
(1965) shows how a particular behav ve y 
quence can be understood as a within- : for- 
communication event: A mother nar 
ward to speak to a therapist ; the other 
begins to tap his foot: the v aged 
and the daughter (flanking mother) stops 
legs toward each other; the mother k In 
talking to the therapist and leans bae ine 
an attempt to make sense of this recu ying 
Sequence, Scheflen supplies the pem 
meanings of the behaviors: When the oor. 
leans forward she is flirting with the se i 
pist; when the father taps his foot m 
signaling to grandmother and daughte! the 
limit the mother’s flirtatiousness ; Wow. 
grandmother and the daughter cross . the 
legs toward each other they are teline ie 
mother to stop flirting; when the mo nds 
leans back she is saying that she understa 
their message, 


ors 
From our standpoint, if these tms 
are communications they should be par 
a code shared either by a cultural gronP iy 
at the very least by members of this fam e 


A th 
Since Scheflen (1965) does not report 
occurrence of t 


í 
: : in othe 
his behavior sequence in O 
families 


in therapy, it would seem to e 
at best, a code which is used only by me 
family. However, other than the interpret t 
tion offered, no evidence jg presented M 
code usage is involved, We hold that t° 
the behaviors to be Considered a code in OU 
isse pe the Possibility of (a) em 
changeable u S dit 
leren EDE, ^ 2 flements by aii 
rence of the same poq mily, and (b) occ «t 
d Code elements in contex 

other than the ne report Jo evidence 
is presented that ps rted. No evid d- 

> Tor example, the gran 


of th 


td 


NONVERBAL 


Mother 


taps e 
e, ADS her 
‘ limit er foot to tell the daughter 


the 
a ni vy" 7 : 
3 eg cross in atie s flirtatiousness, or that 
e of stop Ngee god context has the mean- 
a ` is " 4 
Accept Die view : is, therefore, difficult to 
sitence Fan that s particular behavior 
ared ü S mvolve «x 
ils Yop ie a even one 
y by this particular family. Fur- 


E aui 

» withe 

h ut evi 

e] evidence that the emitters of 
a 


code, 


ee ie : inm that the mean- 
rather ER = inferences of the 
COR t iit, the behaviors are 
"ast to S e T - 
how he n en's ( 1905) account, 
accounted s behavior sequence 
'S—an anal e in terms of learned 
en learned Sy s in terms of cue-Te- 
Ans OF 4 os sequences rather than in 
; leans peen communication code. 
Male’ T saei eni when talking to 2 
Whe ather Mane talks to another 
e ds mes anxious OY restless + 
restless, he taps his 
andmother 
is upset 


ana When noo rio 

(ie daughter ver taps ais foot, gr 
Sign’ they nl nce that he e 
stan behavior dp that in the past this 
c vas been correlated with in- 


S of ups 
upset); they are uncomfortable 


father ; 

able ha I5 atpseto when they are nicom- 
"es. fidget, crossing legs, etc; 
ag A a “the moving around and takes 
ha discontent and other signs of restlessness 
Wh Smal ated sat upset or whatever else 1t 
‘ee she is P with in the past) ; she stops 
the oth domg, which makes it „possible 

ea ce t "as to enter the interaction. 
AU Ke. ris and similar behavior sequences 
Dita UMHBAH for without reference tO 
ication, it would seem unnecessary 


to 
aCeo: 
u > : 
© nt for these kinds of behaviors as 
to investiga- 


mun} 
üunicati 
E anh oe In all fairness 
M analysis Scheflen, the behaviors selected 
ysis ar : s 
a homie Bed. those which ostensibly occur 
bili rec T 
ee of aaie and have some predict- 
sec "mai " . 
Ntexts, [uence in particular interpersonal 
we " 
xe 
‘None ante of the apparent 
,; ection s underlying the definition and 
Ein io of instances for study, we T 
this understand the general aa a »e- 
tan type of approach. Verbal eR S of 
elicit feedback from others ue payors 
S patterns 


üs 
Sur 
Sap. d 
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are somewhat predict- 


able, and verbal behaviors involve the com- 
munication of meanings. From the perspec- 
tive of this group of investigators, the non- 
verbal behaviors in interpersonal contexts 
which they select also seem to elicit responses 
from others, and these nonverbal behavior 
also seem somewhat predictable ; 
are then apparently 
ive the same status 43 verbal 
communications. If this logic is reduced to 
syllogistic iorm, it would read approxi- 
mately: All A (the nonverbal behaviors in 
interpersonal contexts) are B (predictable, 
feedback eliciting, etc.) ; all C (communica- 
tions) are B (predictable, feedback eliciting. 
The conclusion that all A are C is 
The apparent logic in an 
all behaviors in inter- 
unications SUg- 
f this kind of 
We recog- 


of verbal exchanges 


sequences 
the nonverbal behaviors 


assumed to hi 


etc.). 
clearly untenable. 
approach that includes 
personal contexts as comm 
gests that the justification o 
definition is on tenuous grounds. 
nize that definitions are arbitrary—subject 
o agreement and not to proof. How- 
ever, if all behaviors which could occur in 
the presence of another person are to be con- 
sidered to be communications, what then is 
not communication ? If communication is 
defined in such a way that all behaviors are 

the category: there is 


to be included in 
nothing to be gained from labeling this all- 


inclusive category 4S “communication” rather 
than simply as an interper- 


"behaviors" in 
sonal context. Incidentally, it is not always 
clear whether 


jnvestigators who hold this 
definition mean that all behaviors which 
he context 


are communications, OY 
hose behaviors of which they can 
make sense, which reoccur, and which elicit 
predictable responses from the other people 
in the context will be included. 
There is a group of investigators who de- 
e nonverbal communication as those be- 
haviors which co-occur with the verbaliza- 
tions in an interpersonal or face-to-face inter- 
action. The issues raised for investigators 
who define the nonverbal communication in- 
stances by the interpersonal context are 
equally applicable here, even though this 
group has further limited the set of non- 
verbal behaviors labeled communication to 
only those behaviors that accompany the 


only t 


occur in t 
that only t 


fin 
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verbal communication, 
stances of concern inyoly 
cation (ie., something 
via verbal content), the probability is in- 
creased that at least some of the movements 
occurring may also be communications, The 
problem, however, is that this group of in- 
vestigators, like the previous groups, g 
no independent operations for deciding 
which if any of the nonverbal behavior. 
volve code, encoding, and decoding. 
The work of Efron (1941) seems to e 
plify best the approach of this group. Start- 
ing with the observation that the hand and 
arm movements of two groups from different 
language backgrounds also differed in terms 
of size, shape, and tempo, Efron began to 
investigate the movements themselves. 3y 
limiting himself to movement co-occurring 


with verbalizations, Efron was able to posit 
the referents of so movements, 


pointing movements could 
refer to ideas, relations be- 
tween ob or to the flow of 
ideas. hat Efron did not 
check t these movements 

Standing for referents, 
ave the same limitations as 
vestigators who have studied 
solely from an observer's 
perspective, Nevertheless, to the extent that 
the behaviors observed were exhibited by 
Several members of a given group, that these 
behaviors seemed to occur only 
text of a verbal exchange, 


ed to the o 


Given that the in- 
€ explicit communi- 
is being made public 


ives 
s in- 


Xem- 


communication 


in the con- 


han the behaviors selected 
for study by most other investigators, They 
appear even mo 


as communica- 
ndependent ob- 
ar behavior 
in different groups and at di 
(e.g; Ekman & Friesen, 1969; Saitz & 
Cervenka, 1962; Wiener, 1968). Despite 
this promise, however, systematic work js 
still required to make it possible to ee 
that this behavior set is a code T. part o 
a communication set. Later in this Papet 
- outline one possible approach towarc 
this end. 


tion instances, 


Rvuginow, AND GELLER 


" sally pat- 
In sum, the investigators pi -— 
terned behaviors have described hs which 
of behaviors and behavior a E defini- 
could well be communications by bash dis- 
tion. They have not, however, ¢ behaviors 
criminated learned behaviors vue response 
which have referents, or —€— to com- 
sequences from sequences. Re to make 
municative exchanges. “I hey wi use the» 
these discriminations primarily hecat the it 
like the investigators of gegen acer * re 
dividual, seem to focus on aee bchaviorS 
sponses to or inferences about s ts use 
rather than considering the subjec ry statt 
the behavior to refer to a momentary § 
Or experience, 


The investigators 


+ otifie 

: snerally just! 
patterned behaviors have a 
calling the observed behaviors “c 


yor 
^ behave” 
tions” by pointing out that ecient ics 
in question show many of the c tt - of occ” 
of verbal communication : regularity Ot 


jon. 
ya tiol 

r organizat 
rence, patterns of elements or org: These 


or response-eliciting peng radii the 
investigators have not yet pq ve 
the behaviors in question share wi "ring 
communication the function of pep in ^ 
something else, The end result is d con 
Sense these investigators have ye any? 
munication in such a way that ne 1 
thing could be considered a a as # 
communication is to be ae so” 
subset of behaviors in general pna P jn 
cially patterned, interactive Merano 
particular, some further definition 1S T natio? 
Which will make possible the ad a 
of behaviors Which serve a function ip 
to that served by verbal communicatio", 


14 
2 : «perience V 
namely, the making public of experie! thos 
a set of socially shared signals—from "^. 
that do not, 


A 19^. 
As we have noted, this tion 
ill require some canere 
ation of encoding, for we ak- 
tinction between inference ae 
coding cannot pe made witho 
pendent evidence of encoding: 


crimination w 
and investig: 
that the dis 
ing and de 
some inde 
An Encoding Approach 


In a context Which has belabored the point 
that there have been all 90 few attempts t? 


investigate comn ation from an encoding 
lCOUragi 


perspective, it į enc hat 
ss t sing to note t | 
Ekman and Friesen (1969 e to be mov- | 


Dunic 


NoxvERBAL BEVAVIOR AND G 


mg toward maki 

ones i ling distinctions similar to the 
Orating at here, Starting with and elab- 
inon Gene on Mahl's (1968) earlier 
Municative xetween informative and com- 
now dais, HAAS Ekman and Friesen 
ior ag communicative nonverbal be- 


thee 
SC ac 
tended oes, Which a 
= ded by the S are clearly and consciously in- 
ge to the re nder to transmit a specifi ple mes- 
eir Ts > 
bean T [in contrast to] informative 
Ds Sone [which is defined as] those acts 
cit simis decoded meaning in that such 
Ts [p. 55] interpretations in some set of 
With; i 
un 


acts eli 
Observe. 
tempt e demminons, there is a clear 
ne Y 098, aper activities on the part of 
Dart of me pM from activities on the 
um Gin : "server; a nec sary first step 
nianon dicincte in making a sign-com- 
ever, whil distinction. Unfortunately, how- 
i Tifles "arcum and Friesen's definition 
^ Some ria sign-communication distinction 
ese term SPSEES, the further explication o 
sion in s introduces ambiguities and con- 
we cae respects. For example, in 
* not disti efinitions, Ekman and Friesen 
Om the « Hnguish the activity of decoding 
the hone of inference making, using 
Ing of “in decoded meaning” and the mak- 
Note a peat wl interchangeably. We 
; obsedit any behavior can be a source 
BS Vers ma son on the basis of which ob- 
Ome ioc e inferences, but that only 
> kman umi p are decoded. Insofar as 
Y code į "riesen do not include a notion 
"Vents in their concern about informative 
mitar and inference making, the con- 
Which E use of a term such as “decoding,” 
leac o ould seem to imply à code, can only 
‘tone ne for a reader. : 
Cation Ek. in their definition of communi- 
ply t E and Friesen (1969) seem to 
p is nat encoding on the part of the sub- 
havior gy for considering @ be- 
vere M ba suse We would 
ile the iis prerequisite. However, 
Again s use of the term “encoding” would 
and F icem to imply use of a code, Ekman 
and "riesen seem to assign a desc diffcrent 
ie, PE e meaning to. this 
act hs Da Ta d CUP pice dns The 
as an encodes meaning in terms of the 
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regularity of its occurrence with those stim- 
ulus events which precede, accompany Or 
typically follow it, OT V Ath consistently ass0- 
ciated ideation [p. 5 ]^ Part of this state- 
ment seems to indicate that Ekman and 
Friesen consider encoding to involve not the 
use of a code, as the term implies, but regu- 
larities in the association of a set of condi- 
ns with a particular emitted behavior. 
Ekman and Friesen mean by “regularity 
that the conditions of occurrence of the be- 
havior can in principle be specified, then all 
aviors could be considered regular (an 
thus, in the particular conceptual frame- 
work, encoded). If the term “regularity” 
a notion of frequency of correlation 
is with occurrence of behaviors 
on of predictability), then every 
esponse (e£. eve blinks 
uff) must be considered 
Id prefer to reserve 
ling” to refer to regularity in 
e use of à code—the 


lependent of partic- 


tio 


beh 


involves 
of condition 
(16,8 noti 
simple conditioned r 


ior to onset of air p 


pr 
We wou 


to be encoded. 
the term “encoc 
behavior involving th 
code being specifiable ind 
ular instances of occurrence. 

Although Ekman and Friesen use the term 
“coding,” their explication of this term ap- 
pears to preclude the possibility of identify- 
ing a code. Ekman and Friesen offer three 
ways in which a behavior can be related to 
a referent (ies coded), namely, (2) arbi- 
trarily, in which the relationship of the be- 
havior to the referent is one of consensus ; 
(b) iconically, in which the behavior re- 
sembles some attribute Or characteristic 
the referent; and (c) intrinsically, in which 
the behavior has no referent other than itself. 
that Ekman and Friesen seem 
to imply the avior is used to sig- 
nify some referent, 


they have included, 
which have no referents other than them- 


Again, in our framework, à code is 
to be a set of behaviors which have re- 
han themselves; with this con- 


cept, it makes no sense to include, a5 coding, 
behaviors which do not have such referents. 
To imply t yehavior is coded in 
some way, d Friesen seem to 
do, dilutes of both the con- 


cept of code t of coding, and 


leads once agai! of includ- 


in coding, 


selves. 
taken 
ferents other t 


hat every ! 
as Ekman an 
the importance 
and the concep 
1 to the possibility 
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ing any and all behaviors as p 
munication system, 
Without 


art of a com- 


an explicit concept of code to 
aid in the Sign-communication 
Ekman and Friesen seem to have fallen back 
on the conscious intentions of the subject 
as the criterion for considering a behavior 
to be communicative. Even though Ekman 
and Friesen recognize that the concept of 
intention is fraught with empirical problems, 
they imply there is no apparent alternative, 
Since it is not apparent to us how the in- 
tention of the communicator can be known 
by an observer, this concern seems at best 
irrelevant. Jf intentionality is defined by 
asking the communicator to indicate his in- 
tentions, then only behaviors which he says 
he intended as communication can be ¢ 
nated as communicative, 
then, there is no problem. 
observer maintains that the 
unaware of his in 
intention i 
or dissimul 
the behavi 


distinction, 


lesig- 
In this instance, 
Tf, however, the 
speaker may be 
tentions (i.e. unconscious 
Mistaken about his intentions, 
ating, then there is no basis in 
Ors themselves for 


at the distinc. 
a lie, and a mistake 
rounds other than the be- 
havioral event o son’s To 
Cite a classic example, was Joan of Arc tell- 
ing the truth about her visions, v 
taken about What she saw, 
S is obviou 


S in this instance, the Observer 
must assert his Own assumptions in draw. 
ing his inferences about the truth value of 
an event. Until Ekman and Friesen offer 
some Satisfactory epistemological basis for 
determining the intentionality of the com. 
municator, we see no reasonable solution to 
the problems inherent in a definition of com- 
munication which includes an undefined 
term, intention, By restricting their use of 
intention to include only conscious inten- 
tions, Ekman and Friesen avoid some of the 
problems noted above, and State in a foot- 
note that they hope to arrive at some empiri- 
cal criteria for distinguishing a 


a consciously 
intended behavior from other behaviors, 


However, to the best of our knowledge, the 
specific criteria have not yet been explicated, 


are decided on g 


vas she mis- 
or was she lying? 


Devor, RuBINow, AND Gr 


ER 


Despite ambiguities in the use of the 34 
coding, encoding, and decoding, and es 
lack of an explicit concept of code, Ekma 
and Friesen hay 


Je cote DE 
€ begun to specify sets | 
behaviors which, 


à : : We 
in their frequency of pow 
A wein 
rence, are at least candidates to be "- ^ 
f H 1 LUN r 
as part of a communication system. 


: ave also been 
these latter sets of behaviors have also 
delineated by 


Efron (1941) and have e 

included in a system of categorization à 
will offer would seem to indicate that e | 
behaviors may be independent of particu a 
encoders and decoders, thus meeting a p» 
ond criterion for consideration as part of ? 
communication System, C 

Incidentally, Ekman and Friesen (1969) ; 
have noted (as has Scheflen, 1964a) a e 
of behaviors which they call neers of 
described by these investigators, this ee 
behaviors seems to serve the unique e 
of regulating the communication power | 
itself. The set of behaviors which ne 
and Friesen call regulators seems to inc acl | 
the kinds of eye contact behaviors ee 
by Exline, Gray, and Schuette (1965), what 
Hall (1963) has called Mee 
Scheflen (19643) has called general inte i 
action patterns, If these behaviors do " 
fact regulate 


Comin heir 
verbal communication, the! 
occurrence C 


á . what 
proxemics, or W 


as the empirical "d 
ding and decoding *.- 
i rerbally, We hope in a A 
section of this Paper to explicate more a 
However, in the absence 2 
Cification, by Ekman pe 
anyone else, of the set of of 
ch serye to regulate a verbal A 
communication, it is all too fa 
Perso S regulators all behaviors 0 
N to which another 
Spond—ag some 


S 
person responds Se 
investigators 
An Allernay; 


we 
omm UNication 


?. -bal 
Approach to Nonvel 
with BPE sidered the problems associated 
catio oding approaches to comm 
ding: *pproach with a tee 
iS NOW propose an ep 
9 a so rode] which we hold "d 
* different research stra 
Nonverbal communicatio” 


E Ra 


NONVERBAL I 


than has 


appare p & " 
Other iny pparently been used thus far. Like 


estigators of icati 

aced with : oin of communication, we are 

definition v problems of (a) developing 
of communication, (b) opera- 


tionaliz; 

alizing 

c) et the concepts in the definition, 
ng behaviors to study, and (d) 


Explica F 
le dien Rd te search strategy to explore 
id hee 9 st the proposed approach. 
oosely sint an, far in the paper rather 
Public of ex d communication as the making 
coding xperience via a shared code for 
Cebts ae The major con- 
and e code 


and decoding. 
; Uii án this definition are 
are more ile oa only after these concepts 
decoding 3 explicated can the concepts 
Stood withi and communication be under- 
With a deis our perspective. We start 
Similar oe code which is essentially 
a dictionary definition of code as 


ag 

set h 4 

referent arbitrary components which have 
s other than themselves. for example, 


Worde 
boe ae code (see Footnotes 4 and 6). 
nary of definition, it follows that a dic- 
Could in sum elements and their referents 
ionary pi inciple be compiled. Such a dic- 
time, bt be expected to change over 
lonary ined in the same way that a dic- 
While pis e forms changes. Further, 
haviors 5 could reasonably expect some be- 
referent (a have more than one possible 
have eae in verbal language some words 
lat the re than one referent). We assume 
havior number of referents for any given 
SPecifiahy would be finite and in principle 
a Kies or just as the several meanings of 
Urthey Word are finite and specifiable. We 
parti assume that the specific referent Dr 
may oat behavior in a particular context 
Test or "Muse by its relationship to the 
"s the the communication matrix, again just 
Riven S EET RANT meaning of à word in à 
n the aarti can almost alw 's be specified 
Coimpanents of its relationship to other code 
"Or exam i Ae the communication matr X. 
Meanings pie, the word “rage” has different 
Into a amen the sentence “The man flew 
Skirt js the = in the sentence “The mini- 
ue word Mies m á The specific meaning of 
Pi relation (s ntact sentences depends on 
9mponents T Sunerseey nie) to other 
Dols and refer ese assumptions about sym- 
ents are clearly at odds with a 
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iat the “meaning” of any 


behavior can be known only through knowl- 
edge of the total context in which it occurs, 
or with a notion of idiosyncratic code. 
Since we assume that the relationship be- 
tween the code component and its referent is 
most often arbitrary, that is, any behavior 
A, B, or C can be used to refer to any ex- 
perience X, Y, or Z, as long as the partici- 
agree that a given behavior (e.g. 


view which holds tl 


pants 
stands for or refers to a particular experience 
(eg. X), we would not expect any non- 


il communicative behaviors to have uni- 
significance, as some investigators 
(e.g, Ekman & Friesen, 
we would expect cross-cul- 
tural differences and even subgroup differ- 
in (a) the experience to be made 
public, (b) the nonverbal behaviors used to 
make experience public, and (c) the rela- 
tionship between experience and the par- 
ticular nonverbal behaviors. To find invari- 
ance of behavioral form and referent across 
cultures would to us be prima facie evidence 
that the behavior is not part of a coding 
system. We could agree that some forms 
of behavior (e. facial variations) might 


be more likely than others to be used in 
making public some 


sets of experience (e.g. 
mood state). However, à behavior whose 
significance is found to be invariant across 
cultures (i.e. observers attribute the same 
significance to the behavior in all cultures) 
would be difficult to include as a code com- 
ponent, which for us involves an assumption 
of an arbitrary relationship between symbol 
and referent. Rather, we would subsume 
such behaviors unc 


ler the rubric of stimulus- 
specific behavior sequen 


ver 
versal 
apparently imply 
1971). Rather, 


ences 


ces—even if the be- 
under different conditions in 
as suggested by Tomkins, 
tigated by Ekman & 
& Friesen, 


haviors occur 
different cultures ( 
1962, 1963; and inves 
Friesen, 1971; Ekman, Sorenson, 
1969; Izard, 1968, 1969). 

We assume further that the relationship 
between behavior A and experience X, for a 
particular communication group, must at the 
start of the relationship between A and X 
(or m developing any formal code) have been 
some awareness, although the 
f self-conscious 


made with 
use of A to 
dissipate fo 


experience Oo 


stand for X may r the group as 
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well as for the individual with increasing 
association between A and X. That is, we 
view this shift to nonawareness as being no 
different than the equivalent change in 
awareness in driving a car. As experienced 
drivers, we are typically not self-conscious or 
aware of the movements of hands 
feet which are involved in steerin 
ticular direction—rather, we focus on the 
direction to be steered and the appropriate 
movements occur almost automatically. That 
these behaviors were once in awareness and 
learned, however, can be testifiec 
one who remembers learning to drive, We 
hold that the self-consciousness involved in 
communicative behaviors is evident only for 
relatively inexperienced communicators, 
Anyone who has become Proficient in the use 
of a second language will recall the difficulty 
he once had in finding the proper word to fit 
a particular referent—an example of self-con- 
sciousness in encoding which diminishes with 
increasing experience, 
As we hav 


, arms, and 
g in a par- 


l to by any- 


€ pointed out, other 
tors have also held either that non 
havior constitutes a code 
able, or that behaviors 
munication must be 
would not, then, 
with a definition 
includes the use o 
the behaviors con 
experiences other 
ficulty and dis 
any, would 
ployed to inf 
related conc 


investiga- 
verbal be- 
which is decipher- 
involved in com- 
socially shared, We 
expect much disagreement 
of communication which 
f a shared code in which 
stituting the code refer to 
than themselves, The dif- 
agreement, then, if there is 
be about the 


ode and the 
and decoding, 
aviors will be con- 
a code, it must be 
he behaviors have 
eferents of the be- 


sed by a group ; that 
is, used by at least two Persons who emit 


(encode) the behavior to Stand for the 
agreed-on referent and take (decode) the 
emitted behavior of the other to stand for 
the agreed-on referent. f 

To the extent that for us encoding means 
using a set of code components which make 
experience public, we must specify the ie 
ations or behaviors which we will take as 


are known andu 
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indicators of code usage. Without such spe- f 
cification of behaviors, it is all too easy d 
assert code usage whenever we see cod 
components, 


; ae Be 
Such an assertion might b 
acceptabl 


€ if the code components were n 
dependently specified and agreed on. A 
ever, since nonverbal code ips seal 
not been specified and agreed on, isis 
tion of encoding via nonverbal forms be 
quires some set of operations which mak 
it reasonable to infer code usage. . ad 

The method we employ to operationalize 
code usage seems analogous to the D 
cedures suggested by Hofstadter (1941 
under his rubric of "objective secolo a 
The following extended quotation from Ho 


: ic 0 
stadter seems to explicate best the logic 
his approach, 


n it 
- . from the methodological stando. in 
seems advisable to develop a way of iene 
purposive action without linking it to any interna 
explanatory hypothesis concerning the MT in 
Structure of the Purposive agent ex d 
any problem of identi cation the best cases 
dure consists in observing and analyzing C y 
of action which are definitely recognize 
labelled as teleological, in order to make ex 
the common traits which they exhibit. . . - ating 
There is, then, no initial difficulty in dus 
objective teleological processes in the rough. tions 
Problem is, what common tr; ts do these ac d | 
exhibit? In particular, where in these aeHom ad 
we find objectively purposeful character? -pose 
the answer is, we never find an objective pure n 
by itself, but always in association with a ee. 
"sensitivity to conditions" and a fund of Re. 
tive techniques" possessed by the actor. To 2 to 
for objective purpose alone, without reference "E 
these two factors, is to embark upon an impo 


; „upor its 
sible quest. A Purposeful action is directed to d 
end always ir 


along paths 


proce" 


plicit 


upon the scope 
and consequences actually Operative, This be- 
comes especially clear when Considered from the 
viewpoint of prediction. In he case in which 2 
teleological action is not as Yet complete, if 
merely assume that the actor js Pursuing H cer- 
EXE ld 

19 Though our method is Similar to Hofstadter'5, 
our concerns are not with the 


© philoso, hical prob- 
lem of teleology. We are Indebteq paal p 
Cirillo for 


rd 
Pointing out to us th d Lu 
our approach and Hofstadter's 


© simila 
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tain end T 
and oe not from this predict the methods 
and matters es 1t will employ nor the occasions 
Need to cs upon which it will employ them. I 
chreuttistances y that it is tive” to certain 
to assume th in specific v and I need also 
hiques, of MUN has a fund of operative técli- 
Sequences E ilities to connect antecedents and con- 
Condition d that it will respond to a specific 
tis poetic een it is sensitive in a specific way. 
Milar ends hat many different actors should have 
Ways, The = yet behave in radically diverse 
able, ini i MH eee of behavior are not predict- 
only egi follow, from the similarity of ends, 
1 the ends plus the differences in sen- 


ity to I 
z cor " " 

nditions and in the funds of operative 
But since, in 


tial] 
doc 


liy 
pc 
e oth, 


esis, 
enjoi On the other 
n a specific sensitivity 


Ayp 
ore 

tings Su ; : 
i Mition, isceptible of confirmation oF 
b Cleolopicay | 

er Rica " . : 

: | process in general requires à num- 
he subject 
egularities in the 
similar ends under 


means for 
r similar ends 


Or ^. Conditi 
in nilar ditions, different means fo 
lons, aes lor different ends under different 
Dring; SN means for different ends under 
T Iples jn É fis all these indicate technological 
is "s unitar peration, operative techniques. - - 
Xt the y attribute of the teleological actor 
Possession of end alone, or sensitivity 


able ? OF techni UST 
H chnique alone, but all three in insepar- 
it is also true that 


5 Omba 

S ch qon However, 

inq, ite the can not be separated in the unitary 
ey may nevertheless be analyzed out 


the Bend 
B Sine a by the use of a plurality of acts © 
Dog, Beneralpe E It is possible to discover the fund 
Ssessed po operative sensitivity and technique 
igation by observ- 
exts, where there 
e that ends vary, 
1 sensitivity Or in 
n study 


th 
e 
Cor Benera] y analogous methods one can 
mu Xts so character of its ends by varying the 
Sta ehnique. to call for variations in sensitivity 
ti es i t 
on. > M any 

"5 in the pede of the three factors W 
Unit must hers. 

r 

of CTY objecti 
in end, Med. teleological attribute, C 
si STA, 4 3 É 
Sim, Way an y; and ienris to an object is 

pl explanation of its behavior. It is 


shorthand way of describing that be- 


ply 
havigo b 
exhibi 
xhibits a pattern of 


dip, ected The behavior 
Cums Ness, passing through certain specific cir. 
a context, and proceeding b, 
y 


a cnm 
Cep. Ces. within 


"tai : = 
n connecting paths- The diredteduess. s 
a 
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directedness of the paths through the contextual 
circumstances. Directedness without paths and cir- 
cumstances is nothing. Paths in no direction and 
connecting no circumstances are nothing. Cir- 
a ot located on paths leading in a direc- 
tion are nothing. “End” is a name for the directed- 
"sensitivity" for the circumstances, “tech- 
: for the connecting paths, when taken in 
relation to the agent. The problem of explaining 
the action arises only when one asks whether a 
correlation can be made between these elements 
of the actions and structural-dynamic properties 
of the actor. The existence of the teleological 
js sufficiently attested when a hypothesis 


cumstances n 


process 
about end, sensitivity, and technique is confirmed 
[pp. 32-35]. 


Hofstadter appears to be arguing that an 


event can be considered goal directed (a) 
if some observable set of criteria can be 
stated (in this instance the sensitivity of the 
doer, the conditions in which the act occurs, 
the means, and some end state), and (b) if 
modifying any one of these leads to a pre- 
dicted change in the others. The underly- 
ing principle involved in his approach to in- 
vestigating behaviors or events which have 
been traditionally defined in subjective 
terms, then, seems to be that of deriving 2 
set of operational events which are posited 
as being related, and then checking outcome 
predictions made on the basis of this posited 

ı one of the relation- 


interrelationship wher 

among the designated events 18 
If the predictions are confirmed 
ances in which the rela- 


among criterial events are manip- 
ulated, then Hofstadter holds that goal-di- 
rected behaviors have been investigated both 
empirically and objectively. 

‘As we have noted above, our method for 
operationalizing encoding or code usage in- 
volves a strategy similar to that proposed 
by Hofstadter. That is. code usage will be 
posited on the basis of a set of interrelated 
predicted findings when manipulation of 
the experiences to be made public, of the 
available to the addressor, OF of the 


ess of the addressor to communi- 
results in the predicted 
iors as a function 


ships 
changed. 
in a variety of inst 


tionships 


forms 
responsiven 
cation conditions 
effect on the emitted behav 
20 Reprinted with permission from an article by 
Albert Hofstadter published the Journal of 
Philosophy, 1941, Vol. 37. 

Journal of Philosophy, 1941. 


in 
Copyrighted by the 
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of such manipulations 2: Specifically, this 
method involves five interrelated 
First, we start with behavior. 
consensually taken to be 
usage—namely, verbal ] 
Second, we identify a set of behaviors 
ciated with verbal language behaviors, 
occurrence of this set of behaviors is t 
to be independent evidence for 
ent with, the assumption th 
taking place in verbal behay 
we will identify behaviors fror 
conclude that the encoder's 

is Systematically modulate 
change in the experience 
in the conditions of the co 
the response patterns of the 
Wwe demonstrate that 
predictable 
verbal ] 


Steps. 
s which are 
an instance of code 
anguage behaviors.: 
asso- 
The 
aken 
. and consist- 
at encoding is 
iors. That is, 
m which we can 
verbal behavior 
d as there is 
to be made publi 


Third, 
y that 
place within 
Variations jn words 
Systematic manipul 


in the same wa 
introductions take 
anguage (ie. 
occur as a function of 
tion of the experience t 
the conditions of the c 
the decoder's response 
nonverbal behaviors will be introduced when 
the verbal Possibilities are constrained, 
Fourth, we show that the introduction of 
these nonverbal behaviors does not result in 
changes in those decoder behaviors which 
we take to be indicators of decoding or 
understanding in verbal exchanges. Fifth, 
we argue that if these nonverbal behaviors 
are introduced predictably, and if their in- 
troduction does not result in a significant 
change in decoding indicators, then the non- 
verbal forms introduced can be considered 


a- 
o be made public, of 
ommunication, or of 


patterns), predictable 


21 As we use the terms code usage and encod- 
ing, they do not imply goal-directed behaviors, 
imply an objective or subjective 

At this moment we hold 


heir discussion of construct validity. 

n i ed rlier (see Footnotes 4 
22? As we have noted ea ; sd 
d 6), for us language includes a co » ru E 

T mission of code components, and rules gov 

p organization of code components. 

ing aniz 
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1S 
to be substituted for verbal forms, and p 
can themselves be considered as ptos 
of a nonverbal code whose emission inv 
code usage.2# ; can be 
Four classes of behavioral events a with 
identified whose occurrence coimeitt 
our assumption that verbal language t 


~Jagses: 
code and code usage. Two of these pe 
Search and correction appear to be ali 
tors of a code, that is, a standard ag» d 
which emitters check their verbaliza 


jan 
The other two 

assumption of 
tors, 


indica 


classes, consistent um a 
code usage, are (a) EM 0 
one set emitted by the aci y 
te decoding and another set emi sod ing 
the addressor to check on whether ions 
is occurring, M a in 
Which are responses to variations p? 
event to be made public, to the con rs 
of communication, and to the regit, d 
other behaviors of the addressee. h vel 
four classes of behaviors appear in bot intet 
bal and nonverbal forms during verbal " 
actions, — [n describing these class 
events, the four classes will be presente 
if they were independent occurrences, 


ant 

, see! 
sually ? " 

for the most part two or more usually icit ^ 

to co-occur, 

rently, 


1 
and (b) message modu 


ons 


H . e Ot 
either sequentially or € 


-eatel 
m 3 rea 
Search typically à 


involves a pause P istic 

: nn gue 
than the stops required for paratae a 
designation of word, phrase, or sen 


her 
: points ot! 
such a pause may also occur at point 


than paralinguistic junctures in the flow 
verbal communications, 
accompanied by 
(usually up) w 


ally 
The pause is ue. 
the speaker looking sian 
hile maintaining a jo 
tonal pitch (the pitch neither drops. a n 
the end of a declarative Statement, nor P" o 
as at the end of a question), At the end wW 
the pause, the speaker reinstitutes the flo 


ue o 
of verbal communication, Verbal forms 


: : 1 
Search may include such statements in t ” 
pause as, “T can’t think of the right wor, 


or “What’s that word that means the same 


23 We recognize the Similarity of our substit'^ 
tion criterion to Mahr's 


Ao : iffere 1968) definition of com” 
munication. The difference between the two ap^ 
proaches is a function SÉ ho 

determined from 


A ay 5 
W substitutability 3 
Vi 


a decoder ersus an encode" 


perspective, 
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BSP Wie h 
ber of Ve hare not noted a significant num- 
Components ances of search for nonverbal 
Stances such oe under special circum- 
orrection P eharades or sign language. 
x E usually noted when a speaker 
; dumb component in his on- 
e hos - * is most evident in 
say vi oa an emitter says, "i 
guous, not ambivalent, or 


Whe 

You n addressee sav ; ; 

n. HN savon E says something like 

a ; ge ous, not ravishing, don't 
ve emitter makes a correc- 


ON, it is 
^in by die des preceded Dy search ; correc- 
i ely or = bon typically occurs imme- 
Sh at the e “rg as the speaker pauses 
Îr addressee : of the thought). Examples 
orrection of nonverbal forms 


com 
$ Munieat; 
S Onse to Mitos ii sometimes occur in re- 
3 nal variations, as when a mother 
in that 


? lo her 4 
má i Soni talk to me 

didn’t or by an emitter when he 
ats the mean to say It that way. 

message, changing the tonal 
f "s noted above for search, Cor- 
fetal nonverbal components (e.g. 
s süch i ius: again except in special 
Te, Xy Well | as charades or gn language. 

»e that the infred 


e 
as: CDR 
ATiations 
&etio, d 
Situ: 

Tt ations 


quent occur- 
onverbal 


Nees 
for S Of sez 
Ui š is yp and correction for ! 
e 3 E: function. of the relatively small 
4 4 7 

d components 1n these nonverbal 


R 

dsl EU 

ar ators ‘ P 

th iE are behaviors which we hold 

we enco d addressees and emitters 25 signs 

8 : À 

~ though ding or decoding are occurring, 
we do not include these behaviors 


le 
e bee itself. The set of behaviors we 
S losen s is more restricted than the 
ED en j^ by some investigators (e.g. 
ec those 64a), in that our set includes 
E ene behaviors which are emitted by 
: ! gro oders and decoders of @ communica- 
“ation P and in most, if not all, communi- 
ete The set of regulators 
describe here derives in part from 
ig study 


estiga- 


In 


loug 
^ pagus onding and intriguit 
oy p jd regulators by other inv 
hough, Exline et al, 1965; Hall, 1963). 
lene, we try to describe each regulator 
dently, these behaviors also seem to 
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We have no 


arying combinations. 
we de- 


eve that the behaviors 
regulators which occur, 
is not considered to ex- 


occur in v 
reason to beli 
scribe are the only 
and the set below 
haust the category. 

Addressor regulators 
emitted by the speaker which 
serve as cues for the addressee that encoding 
is occurring and continuing, (P) to check on’ 
whether listening and decoding are occurring, 
and (c) to indicate when the addressee is to 
speak. The following behaviors have been 


identified : 


are behaviors 
appear (a) to 


The addressor typically looks 
t the end of completed 
flow of speech, with or 
Tf the addressee makes 
Is at those times, the 


A. Eye movement. 
t the addressee a 


a 
ng the 


thoughts duri 
hout a short pause. 


wit 

eye contact and/or nod 

emitter seems to take this as evidence that 
and decoding, and 


is listening 
speaking. If the ad- 


but with a blank 
typically re- 


the addressee 
the emitter continues 

ssee makes eye contact, 
ical look, the speaker 
or elaborates his message. If the 
es not make eye contact at these 
either repeats his message 
introduces other 
| evoke lis- 


phrase 
addressee do 
speaker 
sed volume Or 
) whicl 


times, the 
with incre 


cues (e.g. throat clearing 
tening on the part of the addressee, or the 
emitter ceas speaking altogether. How- 
he emitter pauses for longer than 
act, but moves 


ever, if t 
ye cont 

up instead, it seems 

ce as an indication 

or searching 


following the 


ut initiating € 
the side or 
the address 
is thinking 
i caking 


usual witho 
his eyes to 
to be taken by 
that the addressor 
and will continue his SP! 
pause. 
B. Vocal variations. 
vocal variations, 


considered as regulators. 
variations also have paralinguistic significance, 


we discuss them only as regulators. An up- 
ward tonal inflection (as in a question) or a 
downward tonal inflection (as in a declara- 
tive statement), when accompanied by an ex- 
tended pause, seems to be taken as requiring 
some response írom the addressee—either 
speaking or some indication of decoding (see 
below). However, a pause and extende 

eye movement to the side or eyes rolled tip, 
even with inflection changes, seem to be 
taken by the addressee as an indication that 
the emitter is thinking or searching and will 
continue to speak; no response is required by 


the addressee. 


Two particular kinds of 


inflection and pause, can be 
While some of these 


Addressee regulators are behaviors emitted 
em to be taken by 


by the addressee which se 
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the addressor as cues that decoding, under- 


standing, agreement, or disagreement are 
occurring. 


A. Eye contact. The addressee is expected to 
maintain relatively constant eye focus on the 
addressor while the latter is speaking. When 
the addressor pauses and checks the addressee 
for eye contact, at least four possible re- 
sponses by the addressee can occur. 

1. The addressee moves his eyes upward with- 
out speaking; this behavior seems to be 

taken as a cue that the addressee is 
thinking and will respond subsequently, 
The original emitter Waits. 
- The addressee maintains a 
blank look without speaking, 
as a sign that the addre 
stood the message, and re 
emitter with a message variation. 

3. The addressee maintains eye contact with 
a slow rhythmic head nod. This behavior 
seems to be taken by the addressor as evi- 
dence of decoding or understanding, and 
the addressor can continue spea cing. This 
nod may be contrasted with a sharp stac- 
cato nod, which seems to indicate agree- 
ment in addition to understanding, 

4. The addressee maintains eye contact and 
smiles. This behavior seems to be taken 
as a cue that the addressee understands 
but has nothing to add. 

B. Other addressee regulators. 
1, A raised eyebrow or a f 

taken as in 
tions; 


quizzical or 
usually taken 
ee has not under- 
sponded to by the 


rown seem to be 
ement or ques- 
cally reiterates, 
message, 


as something to 
sequence js followed by an 
to the addressor’s speech or, if 
nues, by an increase in pitch 


€ of speech, This 


that the emitter h 
ruption cue, 
his point. 


as responded to the inter- 
but will Override it 


These regulators have been observed in 
a wide variety of situations and for many dif- 
ferent addressors and addressees, They are 
a most interesting phenomenon in communi- 
cation and deserve more Systematic study 
in their own right. For our purposes here, 
we only propose to demonstrate that among 
other manipulations. the control of regula- 
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tors will lead to predictable variations in 
nonverbal behavior as well as in verbal com- 
munication. ait 
Message modulation within the «gute» 
of verbal code usage is taken to mean pre 
dictable variations in form or style of bye 
ance, or in the components used. . *- 
verbal variations are consistent with et 
assumption of code usage in that the ee 
fications seem to provide evidence. pedit * 
speaker is taking into account, in his ver "d 
ization, changes in the experience to be ne * 
public, the conditions of the besser 
and the characteristics and responses of "d 
addressee. For example, a young male he 
describing his activities with a date on 1 
previous evening will use different ks 
ponents when relating the events in a loc A 
room and when speaking to the same d 
dressee in a restaurant. As another id 
ample, upon hearing an addressee's nr 
accent, or when speaking to a child. iy 
emitter will speak more slowly and clear d 
and may also use words that are more m a 
mon than the words he would use with B 
native adult addressee. As still a pet 
example, a man who complains to his ae 
workers using one set of statements will the 
word the complaint when speaking to f 
president of his company. m. 
We have briefly outlined a set of behavior 
associated with spoken verbal lenguas, 
which will be taken as independent eviden 
of code usage. Our approach now requir Y 
us to define communication more explicit " 
and then to (a) Specify a set of behavior 
which are hypothesized to be nonverbal coc 


“chy 
components; (b) demonstrate that san 
correction, and regulators co-occur W! 
these behaviors - 


>and (c) show that the hy 
pothesized code c 


dictably ; that 


1s, they can be seen pe 


IER » communication 15 

MAT di the epeaseenne @ 
ehaviors, partic- 
^y regulators, Whethef 


anding i : 
5 : In fact occur: 
whether emitted behaviors by the 


or not underst 
that is, 
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om mmunicator 
ET be know; 

Nether subs 
Nunicators s 


diee. shared referents, may 
subsequently (e.g., by noting 
or behaviors by both Game 
tents), or by i a correspondence of re- 
eg. SofíSen 3 the use of some other criteria 
the con sus judgments of other members 
Matches pcg group). When nies 
Mstances referents are found, we call such 
code-usage errors. We hold ‘that 


Co; : 
ection of 


rt uch errors or mismatches is 


tl ^ 
0 iix Mi aga. Jearning and elabora- 
S of a Swann available to all 
, nr tere co te ane E group. In 
Š CUEuerent be is defined by the on- 
and decodi »ehavior sequences of en- 
Crite,.; S are p Wig Errors in the use ot 
one 1own by some other set of 
N Consensus spondence of other behaviors 
ation gro us of members of the communi- 
th; iven bie Hymes, 1964). 
d step yl strategy of prediction, our 
ris pape d denote a set of behaviors— 
mene we outline hand and arm 
b, nts. Te are possible code com- 
the ors E are several criteria that such 
se as nosh meet if we are to consider 
lon code > ble components 1n à communi- 
» as opposed to reactions to some 


Img 

, medi 

Cial] diate stin lus 

y iulus or as opposed to a SO 
patterned be- 


ha, Patter 
Voy “ii behavior (i.e. 
arned in the process of accultura- 


Moy 


Ge 
icula Paviors must be emitted by the par- 
criterio communication, group studied. This 
anc n eliminates idiosyncratic behaviors 

meets the requirement of socially shared 


B pr aviors. 
tam tars must occur in several oe dum 
Some | ^ This criterion is likely to € iminate 
cific behaviors which are T a spe- 
© pp, set of stimulus conditions. 
in pes ca must be more likely to occur 
contexts. contexts than 1m any or all other 
can ecu If a behavior (€^ scratching) 
Without s aH ny context—that is, with or 
it as a i ne naa is difficult to accept 
D me cols sible component 1n à communica- 
he 3 
fores a END code components should 
his crite i atively short time duration. 
bes E criterion serves to focu À 
Xperience rather than on so, us on ongoing 
patterns of behavior or on Deci prescribed 
personality styles (eg the en ie related to 
or the handling of teacups), caring of rings 


eactions to 


a for selecting behaviors 
to be studied make it possible to eliminate 
a great number of other behaviors which 
have been considered in the non-verbal-com- 
munication literature, For example, these 
criteria eliminate from concern the 
autistic behaviors studied by Krout (1935a, 
1935b) and by Mahl (1968), many of the 
situation-specific behaviors reported by 
Scheflen (1965) and by Birdwhistell (1970), 
and many of the habitual, learned social be- 
haviors presented by Gofiman (1959). 
Further we have found it helpful to utilize 
the concept of “channel” in selecting be- 
haviors for study. Channel has been defined 
(Wiener & Mehrabian, 1968) as any set of 
communication that has been 
lenoted by an observer, that 
bserver to have cod- 
ibilities, and that can be studied (at 
le) independently of any other 
The designation of 
hannel in communi- 


These four criteri 


our 


behaviors in a 
systematically c 
is considered by that o 


ing poss 
least in princip 
co-occurring behaviors. 
a set of behaviors as à € 
cation is quite arbitrary and is based only on 
some division of the communicative events 
which has been found useful for investiga- 
In essence, then, the designation of a 
] has often been dictated by pragmatic 
conventionally accepted 
hen body movements are 


set apart from vocalizations as constituting 


different classes of events. There is no im- 
plication that these specifications of the be- 
haviors as channels preclude other ways of 
subdividing the communicative event, as long 
as the perspective of code usage is main- 
tained. Further, no attempt is being made to 
reify the concept of channel. In sum, then, 
a channel is a set of behaviors arbitrarily de- 
lineated either on the basis of conventional 


distinctions or on the basis of some other or- 


tion. 

channe 
considerations oT 
distinctions, as W 


ganizing principle. 
Using the concept of channel and the 
be studied, 


cting behaviors to 


we have isolated the following 
d arms (gestures). The 


of the hands an 

along with their posited signif- 
functions, are listed below. 
noted that the cate- 
ar gestures have 
another of the 


this field (€.8^ 


criteria for sele 
movements 


gestures, 
icance and 
Again, it should be 
gories and/or the particul 
been described by one or 


previous investigators in 
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Efron 1941; Ekman & Friesen, 1969; Krout, 
1935a, 1935b; Saitz & Cervenka, 1962). 


A. Pantomimic gestures. 


l. Formal pantomimic gestures are stylized 
movements of the arms and hands for 
which there is a culturally prescribed con- 
sensual meaning. "Typically, such gestures 
have an object or event significance and 
function as nouns do in the verbal chan- 

nel. Formal pantomimic gestures are al- 

most invariant in meaning despite varia- 
tions in the context, situation, time, or 
addressee ; this relative invariance in mean- 
ing is similar to the relative invariance in 
meaning of words in the verbal channel. 
Formal pantomimic gestures can take the 
place of words; when they co-occur with 
words, the function of the gesture is that 
of emphasizing by adding redundancy to 
the verbal communication. Examples of 
formal pantomimic gestures are waving 
goodby, depicting two wavy lines in the 
air to designate a well-proportioned female, 

"the finger," and forming a circle with the 

index finger and thumb, remaining fingers 

extended to signify "okay" or "perfect." 

The number of gestures which have a 
culturally. prescribed meaning is typically 
limited within the general population, al- 
though some subgroups within a culture 
may make more extensive use of gestural 
substitutes for words than other sub- 
groups, and may even develop their own 
formal pantomimic gestures. For ex- 
ample, in nineteenth-century Russia, the 

sophisticated balletomane knew that a 

Eesture in which the thumb touched the 

left, middle, and right side of the forehead 

meant “king,” while a gesture in which 
the hand encircled the face meant “beau- 
tiful girl" Revivals of nineteenth-century 


ballets still include long portions of pan- 
tomime, 


in which stylized gestures are used 
to tell the story of the ballet. Other ex- 
amples are evident in special groups such 
as an army unit, or pilots, or other groups 
who communicate over long distances. In 


games such as charades, gestures which 
are consensuall 


y defined w 


ould be classi- 
fied as formal pantomimic gestures, 
while Other gestures used in charades, 
which are not consensually defined, fall 
into the category of improvi: 


SS sational pan- 
tomimic gestures. 


2. Improvisational pantomimic gestures.21 


24 There is an apparent contradiction in includ- 
ing a set of gestures labeled improvisational under 
a rubric of shared code elements. s 
to include these movements as possible Somnia 
tion components derives from an basin y s: 
the particular addressor and addressee shar 


Our decision 
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m. 
Although we have no reason to bes | 
that these forms have as much, presct resi 
meaning as do formal pantomimic gestr 
meaning seems to accrue in a parti 

context as a function of some perce 


pinal | 
ion pef 


The impr?" | 
action to an object or event. The A al 
visational pantomimic gestures also Mea 
noun or event quality, but since et ol 
ing ascribed to the gesture is depen 
the situation, context, or content, 
particular gestures occur most poen: 
in a context which has co-occurring , E 
communication. For the most part, E 
visational pantomimic gestures i con 
serve the function of empha: ee 
cretizing, or focusing on a particulat .cball* 
of the communication. occurring V tegos! 
Examples of gestures within this xi ving? 
of communicative movements are draw! fe 
number of circles in the air nan 
point to depict the concept concent js 
swinging an imaginary bat. : There a 
special set of circumstances in whic si 
provisational pantomimes seem most m ni- 
inent; that is, when more typical con Ble 
cative patterns are blocked—for ex“ 
when speaking to a foreigner. arenes! 

B. Semantic modifying and relational gest" i and 

These gestures usually accompany sper onoi 

are hypothesized to (a) serve the fU con 

of modification and specification of the M 

munication, the same function served EA 

jectives and adverbs in the verbal bos he 

(b) specify the speaker's relationship t° 44) 

addressee and to his communication: "jhe 
specify the relationship of one aspect ooo 
communication to another aspect of the n^ 
munication, The occurrence of these adet 
pantomimic gestures seems to be MED n 
on the communicative content co-occurt: re? 
other channels, but the forms of the gest ly 
when they do occur, seem to be rela á nt 
invariant and appear to have indepe? es 
meaning. In general, the dimensions 9 P" 


CERE ich vari? 
nonpantomimic gestures, along which m^ 
tions seem to indicate differences in E 
municative significance, are (a) pointing 7 A 
its direction, (b) orientation of palms, of 
semantic forms, and (d) location and si7* 
gestures. 


a 
to a 
m^ 


on" 


Y 


ai 
knowledge of the Particular E 


object event. a 
A k 7 : ect or 
T Aus iputess objects and en referre! 4 
explicitly in the verbal = 

pli content, Eye agh 
pe Geta movements tiene pes fik 
O occur again in Other conti ate ith oth 
addressees who do r SMS or with c 


: not ha ien 
of the object or eve fave the shared experi¢! E, 
do occur, the referent T f, 


n the į 
be shared knowleq, 


o 
the 
ely 


instances where tl 
rent j H i 
Ha (the Object) is posited 
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+ Deictic Sv 

which Reggae pointing movements 
(wo or moresh one with the index finger, 
movements ae , or all fingers. Deictic 
function of ae iypotliesized to serve the 
biguity of — or reducing the am- 
ample, the bs verbal referent, For € 
specific pe prenom "you" can mean à 
When S red or & generalized other. 
addy ERO DPA by a pointing to the 
addressee. yg meaning of "you" is the 
at the addre jointed somewhere else than 
but not ares e it means “other than you, 
tires T Keg or "not 1 Pointing ges 
positions e used to specify the relative 
time— "not A cin in space or events in 

- Orientation ere, not Tow instances. 
Balms in gr Halse: The position of the 
relationshin vem indicates the speaker's 
mutual a o the addressee—tor example, 
the speaker S nonmut —and/or about 
Per estie toward his communi- 
ain versus uncertam. Palms 
uncertainty OF to “I 
” 


ina v 
ads verbal stateme 
ressee the mes 


cated, 

wi 

n the speaker agam 

tion the subject matter is not open to ques- 

Te verbal statements are 
arly," "absolutely," “without doubt,” 


ete, Pa E 
alms out (165 facing toward the 
ertion anc 


aen is a statement of asserti 
say my to the statement, I shall 
EG or "Don't interrupt." These last 
tors res also seem to function as regula- 
bS ot. the communication interaction. 
vado forms—Five gestures or gestural 
“ered have been isolated : (a) circling 
ah ures, (b) oscillation gestures, (c 
mi thmic “chopping” gestures, 
chopping” gestures, ê ( 


Pansion-contraction gestures. € 
iefly and its 


ribed brie 


con 


th s: 
SS will be descri y a 
Ypothesized, communicative significance 
posited. 

a slow, continuous 


a. Circling gestures 
ar movements of any 


1 the arm which i5 
hypothesized tO indicate nonspecificity. 
globality, or generality verbal com- 
ponents in the communication. In words, 


this ES 5 D 
gesture is posited as indicating "I mean 
Is I have used,” 


n , 
(os the specific wore 
ae speci 1 i 

be pecific referent term 15 only one 
F al attribute of the event Tm describ- 
ing.” E 

b. Oscillatior 

, Os 1 gestures seri 
' à estures—a series of slow 
o moderate, semicircular, back 1f 
movements of the hand which ei: E 
le atk 3 ki; d: E m to indi- 
cate "either oF or "one or the other" of 


part 


Tt is further hypothesi 
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two components, OF “on one hand versus on 


the other hand." 
6: Arhythmic chopping gestures—linear, 
staccatolike movements of the arm and 


hand, usually performed in a limited series 


of one or two in which the same plane is 
maintained throughout. the movement. he 
chopping gestures seem to be a i 
with the speaker's experience of d 
the elements or contents of his ver- 
example, à verba 


ness of 
bal communication. For 
statement in the form of "We have to con- 
sider A and B and C" is likely to be accom- 
panied by a series of three “chops” one 

The verbal statement 


for each component. 
jn the form, “We have to consider John 
and his behavior" with a single chop at 
the end is interpreted to mean only his be- 
havior—discreteness indicator—versus two 
chops where John in general is to be con- 
sidered and his behavior is to be considered 
separately. 


d. Rhythmic chopping gestures—also lin- 
movements, usually more 
than one or two, which have à rhythm in- 
dependent of the rhythm of the co-occur- 
ring verbal content. In this form, the stac- 
cato chop is interpreted to mean emphasis 

rather than discreteness. 
rA Expansion-contraction gestures—a slow 
expansion and contraction of the arm in 
which the addressor looks as if he were 
playing à concertina. Typically these 
size Or extent di- 


movements indicate a S 
mension of the referent carried in the ver- 


ear, staccato 


bal channel. 
In sum, the semantic forms seem to 
specification and 


the function © 
ed by adjec 


al channel 0 


serve 
modification servi tives and ad- 
verbs in the verb: 
tion; the palms seem to indicate the speak- 
er's relationship to his communication, the 
addressee, OF the relationship of one part of 
his communication to another part of his 
communication. However, much oi the 
information communicated through the 
estural channel appears to be redundant 
icated through other 


with that communica 

channels. For example, tonal changes are 

effective indicators of the emphasis à 
portion of 


speaker wishes to place on any 
his verbal communication : facial expres- 
sions can co doubt or uncertainty 
as easily as gestures. The chief communi- 
cative functio stural channe 
appear to be referent of an 
verbal statement, i 
addressor's relationship to his verbal com- 
icate intensity OT em- 
phasis by introducing rec 


e to specify the 
ambiguous V to specify the 
munication, and to indic 
lundancy into the 
message. 


mmunicate 


zed that the size and 
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location of the gesture are co-varying attri- 
butes which indicate the speaker’s experience 
of the centrality or the importance of his ges- 
tural communication. A small gesture made 
in the plane directly in front of the speaker is 
taken as equivalent in communicative signif- 
icance to a larger gesture made more peri- 
pherally, the view being that a gesture must 
be seen to serve a communicative function. 
In line with this hypothesis, it would seem 
that the speaker's experience of the central- 
ity or importance of the communicative com- 
ponent carried gesturally will determine both 
the size and location of the gesture, 
this latter hypothesis come 
ment that variations in th 
of the gesture are associ 
in the emphasis or inte 
gestural component of t] 

Preliminary researcl 
using this set of 


From 
s the derived state- 
€ size and location 
ated with variations 
nsity placed on the 
1e message. 

h has been concluded 


descriptive categories. In 
one study, untrained subjects were sho 
videotaped exemplars of e. 


and were asked wha 
to mean ; the subjec 
to the gestures the 
gory (Rubinow, 1970). 


wn 
‘ach of the gestures 
t they took each gesture 
ts, as predicted, as igned 
aning cate- 
Interestingly, there 
lividual differences 
€ categorizations. In 
videotape recordings of 
the sound on, trained 


discriminate the gestures 
from one another with a high degree of re- 
liability (Novick, 1967). 


ave (a) specified a 
rrection, regulators, 


and code usage, (b) elaborated a set of cri- 
teria for selecting behaviors as possible com- 
ponents in a nonverbal communication code, 
and (c) described some hand and arm move- 
ments as exemplars of the kinds of behaviors 
which might be investigated in nonverbal 
encoding. What remains to be done, then, 
is to outline a possible research strategy for 
determining whether the posited nonverbal 
code components occur predictably as a func- 
tion of changes in the experiences to be made 
public, of the conditions of the d 
tion exchange, of the addressee regula 3 
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: e 
or of the subsequent verbal behaviors oi 
addressee when the addressor’s use of ee 
forms is restricted. In addition to sale 
strating the predictability of the d E 
of the nonverbal forms, it is necessa Jing 
demonstrate that the addre s geco 
response to the occurrence of the gen sonst | 
forms is equivalent to his decoding re | 
to a verbal utterance where use of the v 
forms is not restricted. able | 

Below is an outline of some aÉ- | 
manipulations which could be atter | 
within our proposed strategy. 


i 


ade 
á : f — be mi 
A. Manipulation of the experience to 


public. a sub 
1. A subject is required to talk abon k 
ject matter he knows well all mo 
subject matter he knows less MED some 
psychologist is required to talk a sone subs 
subject in | chology and about lict an im 
ject in physics). We would pre inty es 
crease in the number of unen ees o 
tures » palms up) and of mE whe” 
generality gestures. (ie. cirelingh suh 
the subject talks about less fam i 
ject matter. statemen 
- A subject is required to say serta wit 
with which he agrees and Stai ex pec 
which he disagrees. We wouk own i 
more rhythmic chops and palms ‘es cast 
the former case than in the mE n 
Incidentally, we would also UR a y 
the gestures which co-occur with and 0! 
ment statements would be larger Jant: , 
would be located in a more central La Us 
B. Manipulation of the conditions of cor aa 
cation. whic 
1. The number of channels available bY ariet i 

a subject can communicate could. be equi 
as when, for example, a subject is VR just | 
to speak in a foreign language he n. ver^ 
begun to learn, We assume far less ja? 
bal fluency for the second language ^: 


n 
redic 
for a first language and would p uf 
creased numbers of pantomimes, Pa d 12 
and circling gestures for the secon 


guage condition. 


- A subject is to 


act 
* c-to-fà 
] communicate face 
and via telephon 


sec 


ad 


1 
N H of 
pantomimes in the face-to-face condit p 
than for the telephone condition, wit me 
concomitant decrease in verbal explicit? 
ee for the face-to-face exchange. 
Manipulation or addres ial 
ti address a B 
Pre Ssee variables. 


D i 

about the sam : 
Tessees, one of wh 

Ne customary decoding ref 
We Predict that in the absence ? 


A Would 

things with ak 
did not 
ulators, 
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these. repul: 

to tg sa the addressor will begin 
paritomiimes e gestures, particularly more 
change the s ges palms up, and will 
A subject i = bal components radically. 
who is E RN to speak to an adult 
an adult wl Te as a native speaker and 

Je predi e. is identified as a foreigner. 
toniitnie st a marked incr 
assumed ee for an addre 
Would wes a difficulty in decoding. We 
resies à ict similar changes for ad- 

es who are children. 


The 

NGtion of possible experimental ma- 
s and testable hypotheses is de- 
utther, abies the investigator's ingenuity. 
stud his tah Maye noted earlier, we hold 
A gy should be applicable to the 


ofa 

<- any cha : cp ; 
y channel in communication. with 

ad- 


d Stibulati 

erts ys f that addressors and ad 
îSsig group pe d from the same commun 
On mo to en that each addressor be 
igo Dd téde sontog (e.g. retrica 
tiong Ses of inu. vs. no restriction)- The 
tq, PA" then p dressees for the two condi- 
alence, ye compared for decoding 


n 
for C€ code a 
code and code usage 


to; a Sive 

: investigat channel, it shouk 
a T. 
ing ode ea e (a) developmental differences 

ae B ry 
to mal j ge (e.g., deictive movements and 
anq Cur Lui iens gestures are expected 
ies, Te ws ier than the semantic modifying 
Nees ge gestures) : (b) individual dif- 
ü n c e ; artic- 
to Chess ay usage (e-go verbal artic 
i d amount of gesture are expected 


ie. © inver 
STe versely zelated) s (Ge) subgrou dif- 
; J group 
s, as wel 


E Nees 
a i the, code usage and response [ 
fo, S^ Hence of and response to regulators 
A suck ks, Brandt, & Wiener, 1969, have 
o tona] A ih A differences 1n response 
a Usage ection) ; and. (d) differences in 
si Matric di for groups with differential psy- 
MGS ave Biss (e.g obsessive-compul- 
bhe Stadion end to use more gestures of 
portes ay bein relationships ; schizo- 
anq iUnicators "iun as nonconsenstial 
3 use few, if any, gestures 


to r 
ENS resp 
Stures), pond to—that is, decode—few 


can be specified 
| be possible 


Shum 


ns 

um, our pr 

emphasi proposed appr 

ha l approa " 

: hee encoding in ie € attempts 

ing per ion rather than Seine udy of com- 
spective, and attempts a on a decod- 

o operational- 
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ize the concepts of encoding, decoding, code. 
and communication. This attempt will, we 
hope, make possible more systematic study 
of nonverbal communication than has gen- 
erally occurred. It is also hoped that the 
making explicit of one alternative approach 
will stimulate others to offer other alterna- 
tive approaches to the study of nonverbal 


communication. 
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gists, is a loosely d 
ribes the ability of 
to recall or 
asly practiced beha 
] retention 


si 
jects 
previo 
learning anc 
definition, anc 
the present review to 
that state of affairs. 
dent that much of what 
early experience is mediat 
neural, endocrine, autonomic, 
structures; changes that can in n 
considered learned although they n 
tically alter subsequent capacity to learn. 
Total light deprivation in infancy, for eX 
ample, produces retinal degeneration (Rie- 
sen, 1961), and deprivation of patterned 
light alters the adult neurophysiological re- 
certain visual stimuli (Wiesel & 
965). Similarly exposure to early 
permanently changes adrenal reactiv- 
& Mullins, 1968), and rearing 
enriched environments appears 
ain size and neurochemical activity 


g Krech, Bennet, & Diamond, 


critical periods 
ire to members 
cies is necessary for the indi- 
y species-specific be- 
] interactions appear 
cally preprogrammed so that 
lopment occurs only if the 
muli are present at predeter- 
While these experiences may 
alter underlying neural oF 
] structures, there is no evidence 
anism necessarily “remembers” 
uli to which it was exposed. 
develop normally under 
t for the first few years 


1968). 

In a like 
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al to acquire man 
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mined times. 
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In man, à child may 
the care of one paren 
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of life, but have no specific recollection of 
that parent if separated from it and subse- 
quently reared in another family setting. 
Yet the parental care given during those 
first few years is critical for normal develop- 
ment. The ability to recall a specific event 


is often independent of the effects of that 
experience. 


It is the 


ing and retention represent discrete psycho- 


1 be investigated 

t of other lasting 
effects of early experience, effects which we 
i i y processes other than 
of learned material, More- 
this paper will focus on phenomena 
Which are customarily studied under the 
heading "long-term retention," par- 
ticular attention paid to changes in retention 
taking place over days, weeks, or 
months. In addition, 
to distinguish betwe 


Over 


even 
an effort will be made 
en developmental dif- 
due to strength of orig- 
s developmental differ- 
ue to differences in re- 
r se; the present paper 
arily to the latter, 


tention processes pe 
is addressed prim 
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Ontogenesis of Long-Term Memory in 
In man, the ra 
tion acquired during e 


described as infantile 


1947). When adolesce 
the aged 


MORY 
Man 


& Dudycha, 1941; 
fogel, 1948, for reviews), 
Most individuals tely amnestic for 
that period being unable to recall even a 
single event occurring prior to three years of 
age and some have no childhood memories 
prior to age nine (Saul, Snyder, & Sheppard, 
1956). The number of events than can be 
recalled for any one year also increases 
sharply with age (Waldfogel, 1948). Even 
then there is considerable question as to the 
nature of these early memories, since the 
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Most vivid memories of early childhood E 
those that are frequently recalled ei of 
hearsed. For most young adults, pet 
early childhood usually begins to ac "e 
some clarity by the late preschool or cfl 
school years, with the conciseness of Kew 
continuing to increase through — " 
school years ( Waldfogel, 1948). 1e 
jority of research on infantile amnesia nu- 
place prior to 1940 during which time "t 
merous theories were put forth to Wr 
the phenomenon, Allport (1937, a that 
summarized the four major theories o ; are 
time as follows: (a) Infant gan prr 
not verbalized and, therefore, cannot es | 
75 Concepts in consciousness; (b) pe 
of the cortex involved in conscious pet 
are not myelinized and, therefore, are 3 the | 
to hold “traces” of experience ; ( ) er | 
apperceptive context of early life is so secu” | 
ent from that of adulthood that events -: ne? | 
ring in it cannot be recalled ; (d) ip e" l 
the infant encounters the “reality PrP en 
he represses into the unconscious X4 i 
ories of his self-indulgent life up to tha aM. 
It goes without saying that none of Ve i 
planations have been empirically eni ile 
instead the entire phenomenon of m y 
amnesia appears to have been repress d | 
the scientific community rather than res 
gated systematically. One goal of the 1 nis [ 
ent paper is to reawaken interest 1n 
important phenomenon, . 
Unfortunately infantile amnesia me ex i 
been the target of many well-controlled "4. | 


H H x 1 tue 
perimental studies, Levy (1960) ina $ jat 


= 


10 


performed for other reasons, found pirt” 
memory of inoculation increased from tb? 
to 18 months of 


s DU > 
t age. Before six mo. xd 
infants showed no memory of previous im | 
jection experience; after that, retention -sp 
creased gradually with age. These data 9 1 
e - o 
some exper imental SUpport for the phen we 
enon of infantile amnesia, although they £ 
no indication as the whether the rapid forg 
5 E s € me» 
ting of infancy jg due to poorer origi! fi 
learning or toa i : n 
S" lency in the retel n) 
Process per se, n general tl henomen? 
of infantile mnesi, ; Pup Det 


to the extent 


t 
5 a 
an Is m dramatic w 
takes place during aes of learning t all 


Se years, Presch® 
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children 
Viors 
Schoo} 


acquire a v; 

wd dps eui anap df omiies be 
and hóine I memory for pre- 
7 e incidents over short inter- 
E Isl only dor they are completely 
ntire envir specific incidents but 

ing © absence vironment as well. 
: Ong-terim E careful experiments study- 
o alalis ne by children com- 
ble *S in such £d no mystery. Practical 
rey, Some aE ae are consider- 
(losg by Ke lich have been noted in 
Donee The ppel (1964) and Goulet 
the NES d immediate difficulties 
Oves, 9t be so k: Material to be learned 
ag to ned by simple as to be immediately 
b e eden adults but not so difficult 
ie aüger Aide or frustrating to learn 
Scho Mberg la jects. For example, words 
rs | annot be used with most Pre 
cannot read 


0 
tho, ole 
em )ecause i 
Jd ise they simply 


On 

dey; CE à task į 

i uw = selected, the next step is to 
r controlling the degree of 

ng the re- 

64) and 

re to 


me: 


M ; 
during in analyzing chat 
€s have [st fr Appropriate pro- 
Underw been devised for verbal learn- 
à es ood, 1964), but their applica- 
, SXperiments with children is time 
re | taco expensive in practice (e.g 
Wey Bis Lg & Meyer, 1970). 
Control years an jncreasing number of 
th 10n of ed experiments on age and re- 
S verbal learning have appeared, but 
ard impli- 


Thus, these 
ate + ther young subjects 
“tention too old (e.g. Walen, 1970) or 
à eam that are too short (Bach 
al evidenter 970) to provide expert 
atile ar ce relevant to our concern with 
[e ertain or ebd 1 
] hodologi 
ipe E in studying the (oe p 
tan fis m memory with human subj [9] 
overcome when animals are es 
as 


Pent 
Mar 


ircumstance common to many 


hology and biology. Campbell 
recent advances 


subjects, à C 
areas of psyc 
(1967) has described some 

in methodology which permit clearer inter- 
pretation of the deficit in long-term reten- 
tion found in young rats compared to adults. 
We turn now to à brief review of these ex- 
periments. 


„nesis of Long-Te 
Mammals 


Ontoge rm Memory in 
Infraprimate 


During the first half of this century there 


ogenetic studies of learn- 
ffort to understand and 
t little attention 
ig-term retention despite 


the then current interest in early childhood 
memory. The first major parametric onto- 
genetic investigation of long-term memory 
was reported by Campbell and Campbell 
(1962). In this study 18-, 23-5 38-, 545 
and 100-day-old rats were conditioned to 
fear à distinctive compartment of a double 
artment shuttle box, and then tested for 
0, 7, 21, or 42 days after 
Retention, as measured by 
ear side, increased dramat- 


were numerous ont 
ing as part of an e 
define animal in 
was focused on lor 


telligence, bu 


comp: 
retention of fear 


original training. 


avoidance of the f 

ically with age. Eighteen-day-old rats 

showed nearly 100% avoidance of the fear 
after training, 


d immediately 
avoidance at the 21- and 
42-day retention intervals. In contrast, 54- 
and 100-day-old subjects showed little or no 
forgetting at any retention interval. In a 
second experiment, retention of conditioned 


unishment was investigate 
intervals in rats which were 23 


and 42-day ! 
and 100 days of age when conditioned. 
Again, juveniles were clearly inferior to 


adults. 
Similar findings have been obtained with 


active avoidance (e-£« Kirby, 1963), escape 
(e.g Smith, 1968), and appetitive dis- 
crimination (Campbell, Jaynes, & Misanin, 
1968) tasks. Kirby trained 25-, 50-, and 


100-day-old rats on @ simple runway avoid- 
groups did not dif- 


side when teste 
put only chance 


ance problem. The age 
fer during acquisition or extinction, but 25- 
howed inferior retention 


day-old subjects S$ 
in relearning tests 
original learning. 


25 and 50 days following 


Smith found 
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icant differences during acquisition of a T- 
maze escape task, yet performance of 5-day- 
old rats was substantially poorer following a 
75-day retention interval than those of their 
adult counterparts who showed almost no 
forgetting. Campbell et al. 
and adult rats to approximately equal per- 
formance levels on a discriminated operant 
task (lever press for food). Juveniles 
showed considerably poorer retention than 
adults of both the di 


iscrimination and the 
basic instrumental response in tests (extinc- 
tion) 38, 75, and ] 


50 days after original 
training. 


Crockett and Nobel (196 
son, Koenigsberg, and 
have failed to find a 
tion. In the Crocl 


trained. young 


3) and Thomp- 
Tennison (1965 ) 
ge differences in reten- 
sett and Noble experi- 
ment, relearning ofa light-motivated escape 
response was comparable in rats 21 and 90 
days of age after a 60-d: 
Unfortunately control 
acquisition experience were not included, 
making it difficult to interpret the results, 
"Thompson et al. trained 25. and 100-day-old 
rats in avoidance shuttle boxes scaled to the 
physical size of the animals. No differences 
in retention were obtained when the physical 
size of the apparatus was increased propor- 
tionately at the time of relearning, but no 
young subjects were trained and tested in 
the same size apparatus, According to the 
generalization decrement hypothesis | (cf. 
pp. 222-224), greater forgetting would have 
occurred under this condition, 

More recently, Schulenburg, Riccio 
Stikes (1971) and Feigley and 
(1970) have show: 
that retenti 


ay retention interval, 
Sroups without prior 


; and 
Spear 
n in several experiments 
on of Passive-avoidance respond- 
ing also increases with age. Similarly, 
Campbell, Lytle, and White ? have sys- 
tematically compared acquisition and re- 
tention of escape and passive avoidance 
responding in Preweanling and weanling 
(15-35-day-old) rats. In these extensive ex- 
periments, rate of forgetting was inversely 


? B. A. Campbell, L. D. Lytle, and B. C. White. 
es di i : ry: Sup- 
i fferences in ontogeny of memory 
i arde maturation as a determinant of 
ae Submitted to the Journal vA Com- 
pide and Physiological Psychology, 1972. 
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sub- 
T : 5-dav- aid su 
proportional to age, with the 15-day pede 

H H "A, Fi D 
Jects showing extremely rapid forge 


if- 
Strength of Original Learning versus DÀ 
ferences in Retention and Retrieval Forgtt 
nisms as Determinants of the Rapid Por 
ting in Infancy 


sa demo 
Taken together, the above studies "-— 
Strate unequivocally that rate of Wm 
is more rapid in infancy than adu rapid 
Dut what is not clear is whether. pus pu 
forgetting of infancy is due to e 
strength of original learning or to O r 1€ 
netic differences in the storage ur Í 
trieval mechanisms of retention.  (rerence? 
these could underly the observed diffe! 
in long-term retention. F feature? 
There are, however, a number or d that 
of the preceding studies which sugg ents a | 
the rapid forgetting of infancy CT e re 
deficit in retention and is not simply ritica! 
sult of poorer original learning. One ¢ more 
question is whether young rats forget inal 
rapidly than adults when degree of orib 


at 

tha 

i an UN 

learning js equal to or greater than * ss 
of the adult. 


have been used 
of orig 


- They are as zrob 
Rate of acquisition. Concerning the r 
assessing retention effects a, 
founded by learning differences, Unde Í 
(e.g., 1964) has noted that final deer" ie 
learning will usually be lower follo rio? 
Slower rates of attaining a common gest 
of performance. However, it is pet 
assumed (although there are excepti am 
that strength of original learning is the A n 
for all groups attaining a common gm if 
of performance prior to a retention tes "m 
rates of attaining that Criterion are the per 
Several developmental Studies appear to ma - 
these conditions. As noted earlier, the st" f 
ies of Kirby (1963), of Feigley and Spe 
(1970; active avoidance). and of Smit 
(1968; T. 


“maze escape) foun 
differences in 


level of learning, Yet forget; 
icantly greater ; ject? 
RS 5 Ounger subjec 

Similarly in the Campbell et al. (1972 
study, rate of forgetting in the T-maze escap? 


Een ONTOGE 
nent 
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inus ves MOE ta id i 
MM i duas ze apid in 20-day-old 
E rate of E and 35-day-olds ‘even 
EE. 1n the you acquisition was “at least as 
"avons Younger age gr ipee 

d Kinos 2s age group. In the pas- 
beet Were ie aea by disi et 
and A of tieden apparent differences in the 
3-day-olqd to criterion between the 10- 

P animals, vet the 16-day-old 
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. Jets 
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er S5 icantly aster. In addi- 
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r j ea "e 
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is superior 


ey 
en 
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Kantly Ough rate 4 subjects 
of learning was signif- 


j slowe : 
Cs 100-ds. poorer in those groups 
the Dent. an a sold subjects in the Kirby 
Thy “tmpbell i Hue 35-day-old subjects in 
asses, When de al; study | see Footnote 3] )- 

Sed py E of original learning iS 
ae Mes and asymptotic level. of 
, 55 remains on of equally learned. re- 

s typically poorer in young 
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Ves; 

SL 

u stane 

Seq nce to extinction 
rength is resis- 


Meg 
taneg Measure of 
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Str, t : 
er extincti ` 
io, t of ism By this measure, 
riginal learning was the same 
and Campbell 


(1955, 865 i s 
ei and m Campbell 1 
the «before, f y (1963) experiments. As 
qp Unger a ot ila was more rapid in 

ig doct of SUDJSCES; 
b, 9 deliber. vertraining. 
Or | th a | overtrain 
br Onger e either mor 
tho dure, need of shock. 
to m ig et al. 9e 
i Ve secor ng shock duration fron a 
ads increasec 1 memory 

Avoj, end 21-day-old r i 
T s ^e: task, but tha 
bikers oe still markedly 
Sing à receiving only one 5€ 
(1979) similar approach, Feigley and Spear 
wduisiti varied intensity shock during 
Weanling: cutie passive-avoidance response. 
all MI lela showed inferior retention 
$ ee dias when compared to adults. 
ge BU GH iud pene. indication that 
te ages uU en learning i$ comparable 
trials from the ids d de experiments 
Sate ae to relearn As number pi 
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Another approach 
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f shock. 


219 


v or MEMORY 


Klein and Spear (1969), for ex- 
pared weanling and adult rats on 
an avoidance response 08, 
1.0, 4.0, or 24 hours after original learning 
and found identical retention functions 
("Kamin E =) for both groups. Long- 
term retention of avoidance responding is, 
as noted earlier, much poorer in weanlings 
than adults. This and the above findings 
demonstrate that at least some responses can 
be learned and stored for short intervals 
with the same fidelity in young and adult 
animals and su st that other processes 
specific to the early stages of development 
act to produce the poor long-term memory 
characteristic of infancy. This is not to 
imply that all responses are acquired equally 
at all ages ch of what is sub- 
sumed unc a of infantile 
amnesia in man is not the result of weaker 
original learning. Ve do, however wish to 
that forgetting of responses ac 
fancy is more rapid than those 
dulthood, and that this rapi 
not necessarily due to poorer 


intervals. 
ample, com 
the relearning of 


ects 


eoe 
gse 


emphasize 
quired in in 
acquired in a 
forgetting is 
original learning. 
In this context, 
paper is to examine 
most likely to underly 
long-term memory. i 
classes of variables 
nants of the poorer m 
fancy- First there are 
ference and information-] 
nisms which may change V 


include retroactive and proa 
stimulus generalization decrement, 


differentiation, and related pro- 
1 of which might act to impair long- 
more in the early stages of 
Second, there are a variety O 
structural and chemical changes in the cen- 
tral nervous system occurring during this 
period which may determine the changing 
memory capacity of the developing animal. 
These variables are not necessarily inde- 
pendent, since maturation of the central 
nervous system may alter the shape of the 
primary stimulus generalization gradient, 
susceptibility to interference, etc. Neverthe- 
s, our goal is to examine the relative im- 


aim of the present 
the processes 
enesis of 


the 
some of 


emory 
a num 
processing 
vith age. These 
ctive interfer- 


ence, 
stimulus 
cesses, al 
term memory 
development. 
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portance of these two classes of variables as 
determinants of poorer memory in infancy. 
As will soon become apparent, there is 
little evidence to Support either view. Hence 
the major purpose of the present paper is 
not to deduce which of the n 


nany possible 
mechanisms underlies the rapid forgetting 
of infancy. 


Instead the purpose is to de- 
scribe in some detail a variety of processes 
that may underly this change. These possi- 
bilities stem directly from present knowledge 
of behavioral processes and neurological de- 
velopment. Our prime hope in writing this 
Paper is to stimulate research on what we 
consider a major problem of unusu 
importance, 


ITs DEVELOPMENTAL CHANGES IN 
INTERFERENCE AND ĪNFORMATION- 
Processing MECHANISMS 
Retroactive and P 
Determinants of P 


al current 


roactive Interference as 
oorer Memory in Infancy 

Until the late 1950s, 
agreed that retroactive int 
major source 
& Irion, 


tory was directly proportionz 
of previous lists learne 


mately led many investigators to conclude 
that proactive interference was the major 
Source of forgetting, both in the laboratory 
and in normal life (e.g., Underwood & Post- 
man, 1960). This emphasis also stimulated 
& search for extraexperimental sources of 
interference, particularly within the context 
of language, While the results of this re. 
Search are not unambiguous, it is generally 
accepted that extraexperimenta] experiences 
can contribute substantially to the proactive 
interference pool (eg. Postman, 1971). 

In the context of developmenta] Psychol- 
ogy, the question is a simple but unanswered 
one: What are the relative contributions of 
retroactive and proactive interference to the 
basic phenomenon of poorer memory in in- 
fancy? According to the simplest model of 
proactive interference, older er te 
forget more rapidly because a, p eem 
Jonger wih a correspondingly ger pr 
ability of having acquired p up 
habits which might interfere with r 
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of more recently learned material. But as 
the data cited above indicate, this prediction 
is contrary to fact, - 
Retroactive interference, in contrast, E 
mains a somewhat more viable candidate "| 
the basis for the rapid forgetting of M. 
This would be particularly true if the pies 
amount learned at any developmental e 
Were proportional to the animal's over 
level of behavioral activity. Figure 1 a 
trates how exploratory behavior, as her. 
sured by a four-hour exposure to a -— 
stabilimeter cage scaled to the size of the Es 
changes during development (from a 
croft, Lytle, & Campbell, 1971). As Rap E 
seen, little activity occurs prior to 10 day um 
age, but between 10 and 15 days wi 
activity leaps to a level 3-4 times that 0 the 
10-day-old and nearly 10 times that of uli 
adult rat, Hyperreactivity to novel ior 
and generally high levels of exploratory pi 
play activity also rise and then decline in se 
normal home cage environment during p* 
same ages (Bolles & Woods, 1964). 15 
decrease in Overall activity levels parale y 
from 15 days of age to adulthood, "e 
development ‘of long-term memory. W j e 
it is not typical to assume a correlation a 
tween activity level and learning, it is y 
an unreasonable possibility, One sor 
easily argue that the young animal is wan 
ing a great deal about the spatlal-penceptue. 
Social characteristics of the environment as s 
moves about; the more it approaches ar” 
Withdraws from stimuli in different kn 
tions and under varying conditions, the mor” 
it learns. In contrast, the older animal, i” 
active and Maintained in a familiar environ 
ment, learns less than its weanling counter" 
analysis, which is obviously 
on levels of moto! 
PY those findings: 
„Ows that retroactive interference Io 
feral te DE. prm E 
adult animals, s jenny SE 
On the other hand, th 
stemming from the 
previous section jg 
increases mono 


during 
be high 


€ implicit assumption 
“ta presented ig the 
ja long-term memory 


: tonically here ; d 
molde Thus the low ng pes 
prior to 10 q of activity 


ays i 
YS of age makes retroactive 


extr 
aexp : 

experimental interi 

i ental interference an unlikely 


5 for t 
fring Sarin Pressly rapid rate of for- 
°pmental e Mis period. However, no de- 
ied Et studies have been re- 
ection tin age-related differences in 
DS aimions nfounded by learning differ- 
a ration | oed younger than 18 days. 
Bing lh aoe and retention factors 
E t difficult neonates probably will prove 
1 from a possible at all. What might 
inet is a it rg of behavioral develop- 
ntogenesi n theory of forgetting dur- 
di opment, a During the early stages of 
tert Marily E forgetting may be 
) immaturity of the central 


li, US syste 
la’ ders accompanied by closely 
fere rate; in short-term memory, and 
tque “type pr later in development inter- 
(seq °° of ocesses together with the con 
“eter “ction aral nervous system growth 

mining p I) may play a greater role in 

ate of long-term forgetting. 


tetr S also i i 
basig Stive iin pera He distinguish between 
(MM these by oactive interference on the 
Xone ds eee First, proactive inter- 
ing 76d imm s to be more effective when 
loge Spear T prior to original learn- 
Seguir n t 971; Underwood & Freund, 
JI appear present instance, rate of for- 
of ect to be correlated. with the 
Of ; © Original | oratory activity elicited just 
eetPolate a as well as the amount 
Prig, Tence d activity. Second, proactive 
tarn: tet mein less interference when 
Rey ing e 1s acquired through spaced 
tha, Srally r long period or, more 
d la ig when the interfering ar 
^ are easily differentiated 


in & » 
qp nee jckstrand, 1966). In the 
it extr; seems not implausible to assume 
fay minia perimental proactive interference 
e aris a for the adult by the extensive 
de inter acquire with proxima 
ae bonn stimuli during the course of 
seing t To the extent that the rapid 

Ages ; typical of carl 1 

Seem, is duc- tonie ed developmenta 
ra ns di d rference pr i 
"lati, difficult if not SESI, processes; 5 
cti i contributions of re to assess the 
ics interference to this vut and retro- 
ihood, both contribute cess. In all 
substantially to 
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mory decrements over ti 
er time, with thei 
3 V 1 aeir 
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y of rats in stabili- 


Spontaneous activit 
during postnatal 


development. (Each 
per panel represents à different 
ht animals tested for 23 hours, 
while the e lower panel represent à 

ested for four hours 


single group 
each day.) (Reprinted from an article by W. 
. D. Lytle, and B. A. Campbell pub- 


Moorcroft, i 
lished in the Journal of Comparative and Physto- 
71, Vol. 25: Copyrighted by 


logical Psychology, 1 
the American Psychological Association, 1971.) 


Fro. 1. 
meter cages 
point in the up 
group of si 


relative W determined by the 
specific experimental or situational circum- 
stances. Moreover, à$ Deese an Hulse 
(1967) point out, the theoretical distinction 
between retroactive and proactive interfer- 
ence is greatly diminished when long reten- 


tion intervals are used. 
of Species-S pecific Behavior 
ourse of development, 


astic changes take place in the ani- 
al repertoire. Some are learned, 
on changes in physical 
mmed in un- 


eights being 


Maturation 
During the normal c 


many dr 
mals’ behavior 
some are contingent up 
capability, some are preprogra 
known ways s that they emerge at à 

ar stage when the proper stimulus 
still others are hormonally de- 
g rats respond to 
at sexual 


uch 


particul 
appears, and 
pendent. Male preweanlin 
the dam by rooting and sucking ; 
maturity the same rat responds to the same 
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female by copulating. 
duces withdrawal and 
animal and attack in the ch 
Ulrich, & Arzin, 1965), and unfamiliar en- 
vironments may elicit mor 
arousal in older animals (Candland & Camp- 
bell, 1962; Sluckin, 1965). These age-re- 
lated modifications of behavior could act to 
either permanently or temporarily interfere 
with the performance of a Previously learned 
response as an animal develops. AS a hypo- 
thetical example, we suspect it would be pos- 
sible to train an immature female ring dove 
to peck at a ring dove egg in a nest for food 
reinforcement, and that the dove would 
show good retention of the response over 
long time periods. But if the bird was 
brought into broodiness by parturition or 
other means, it Seems quite likely that the 
bird would now respond to the eggs by 
brooding rather than pecking, resulting in a 
measured loss in retention of the pecking 
response. In this dominance of unlearned 
behavior over learned behavior did 
it would then be of further interest 
the learned behavior reappeared w 
hormonal or other conditions contro 
unlearned behavior were removed, 
In short, there must be m 
in which an emerging unle 
takes precedence over 
response to th 
this interferenc 
to the animal’ 
haviors and is 
Source of forge 


Similarly, pain pro- 
flight in the young 
adult (Hutchinson, 


€ fear or general 


develop, 
to see if 
rhen the 
lling the 


any situations 
arned response 
a previously learned 
at stimulus, The extent of 
e is undoubtedly Proportional 
S Tepertoire of unlearned be- 
thus unlikely to be a major 
tting in man, 
Maturational 


Changes 
Processing Mec 


hanisms 


As a corollary to the above obsery 


that emerging of Species-specific beha 
may interfere with 


sponses, it seems rea 


in Information- 


ation 


viors 
Previously learned re- 


Sonable to consider the 
possibility that changes in mode or style of 


information processing may also interfere 
with the retrieval of Previously learned ma- 
terial. In higher mammals such as man, 
enormous changes take place: in ee i 
which sensory information is dies and 
responded to. The most € py 
e in the use of language. ther wee 
verbal child, a book is simply ano 
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" is vef. 
in its environment; later the A 
bally labeled as "book" ; still ome or co- 
sponded to by reading either eed d rokes a 
vertly the title; and finally the ong? jonses 
Variety of emotional or evaluative e Anden 
ranging from interest to ANENE (| other 
wood (1969, p. 571) has suggeste critic! 
instances in which attributes "e no 
components of childhood memories nparab 
correspond to those forming cot ne sul” 
memories in the adult, and at least firmi 
Sequent experiment has yielded con ro 
evidence ( jach & Underwood, d 
Failure to retrieve memories m im 
to maturity might be one conseqt cessing 
this shift in mode of information pu ap 
Similarly modes of problem i ide ove! 
to change developmentally in man ior medi- 
stimulus-response solutions to cove re 
ated solutions utili 
viously acquired 
Kendler, 1962). s i 
"indings and observations such à sd 
again raise the question as to the € ry 
such changes on memory, Is ae 
a task learned at an early stage of m 1 
ment less accessible because stimu ee in 
formation of that type is now proces: m 
a different fashion? This is an mo i 
possibility because the greatest €: ace 
information Processing appear to ee 
in preschool and early school yami 
those periods for which typical adu "n 
the poorest recall (cf. Inhelder, 1969 ve t 
date there have been few empirical of 
gations on the effects of changes m m i 10 
information Processing, but we um gh 
bea Promising area for research even Didi 
the methodologica] difficulties are fo! 
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Poverished eer. y rat, housed in stimulus- 
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‘ndland 
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or 
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& Ca home cage environments 
8 of this ampe 1962). The impli- 
su developmenta servation for our analysi 
tia tial ii val changes in memory are 
and between * animal does not differen- 
1€ -— i 
"ple home cage environment 
* ih the onment, criterion responses 
Men d Or exting, latter will either be en- 
guished i i 
thas epending shed in the home environ- 
g on the similarity of stim- 
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stimulus events 
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Tm ed co 
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Vete ey hee: successive trial in a learn- 
i E sS : H E A 
o; ned 1 ess of intertrial interval, is 
ilarity of the 
the 
Tn well- 
stim- 
from 


1 of 
the acquired response: 
bly little 


9 tri 


al ey 
but even over long reten 


ex k 
me iu E animals, the 
the Physiotg rowih-inducel changes in body 
ing Pe'cepti gical makeup substantially alter 

i on of the test environment result- 


Val 
5, 
i possibility 
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op „a Perfor: : 

j formance decrement. A descrip- 
luced. changes 


Wie s 
hi eue of the growth-inc 
Its Aani act to impair per 
~Nanges red early in develop" 
; Mulus, P. perception of the € 
&r. Sred soi y far the most comm 
tej ization irce of age-induced stimulus 
ie ed siz decrement 15 the change in per- 
ip occur is „i the environment that i5 thought 
lo ollow as the animal matures. From this 
Ok Jik S that to a young rat, a maze may 
lure. great cavern from which escape 
P etention niea ^ Viort, but on retest after 
coe su. eee the same apparatus may 
lus es from 3 y ex because the vista 
RS Changed bus the apparatus is viewe 
is Ss inte eri the size of the ap- 
View Tr AM smaller. a body size, 
N Popul ee world changes pea ike child's 
Dots ed by giants and distin ous which 
gum underneath tabl nguished by 
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or MEMORY 


as we know it. This 
appealing that 
dered this the 
forgetting in 
(1965), for example. 
to Campbell and Camp- 
poorer reten- 


“the stimulus 
be 


ew of the world 
is sO intuitively 
ogists have consi 
underlying 


adult vi 
hypothesis 
some psychol 
major mechanisnt 
infancy. Perkins 
states in reference 
bell’s (1962) report showing 
tion of fear in infancy that 
situation to which fear was 1 
so altered by stimulus changes resul 
that there is nearly complete gen- 
t resulting from matura- 


6-A7]-" Addi- 
from the 


earned may 
ting from 


growth 
eralization decremen 
tion induced changes [pp- 
tional evidence for this view stems 
observation that handwriting characteristics 
of the early school years reappear when 
adult humans are asked to write their names 
slowly, and that long-forgotten memories are 
sometimes recalled when phrases typical of 
childhood such as “No, I won't" are shouted 
in the uncontrolled fashion of childhood 


1963, P- 334). 

] changes in perce 
i, When relearning 
used as @ ention, the possibil- 
ity exists that litioned stimulus 
will be perceived as either qualitatively or 
quantitatively different. For example. à SP& 
cified intensity of shock may produce intense 
pain in young rats and only mild stimulation 
in adult rat$ resulting in à performance e- 
crement. Research on this particular ques- 
tion is an Campbell (1967). using 


abiguous. 
a matched-impedance - source, found no 
differences i sholds across a 


in aversior 
wide range of ages in either rats OT guinea 
pigs but Paré (1969) has recently reported 
are much mor 


that young rats e sensitive to 
constant current dc shock than adults. Simi- 
larly Klein and Spear (1969) have obtained 
data suggesting that sensitivity to electric 
shock changes between 15 and 25 days of 
Campbell ( 1967) observed that the 
ion thresholds were lower for young 
This factor probably does not 

t the data showing poorer Te- 

fants than adults, however. 
1970) have shown that 


ption oj 1"- 
s 


age, and 
tetanizat 
animals. 
seriously affec 
tention by in 
and Spear ( 


Feigley 

the extent to which weanlings 21-25 days 

old) show greater retention deficit than 
ariations in 


differ over wide v: 


adults does not 
for both active- an 


shock intensity d passive- 
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avoidance tasks. Furthermore, the magni- 
tude of the retention deficit was not influ- 
enced by shock intensity for either weanlings 
or adults. 

It is also difficult to equate 
inforcement in appetitive studi 
Obviously the typical 45-mi 
pellet constitutes a 
young animal’s ny 
the adult animal’s, 
ing the size of th 
constitute major 
(cf. Campbell, 1967 ; 
1968). Whether ch 


amount of re- 
es across ages, 
ligram Noyes 
greater proportion of the 
iritive requirements than 
and the difficulties in scal- 
€ pellet during 


retesting 
methodolo; 


gical questions 
Campbell & Jaynes, 
anges in absolute pellet 
Size or changes in pellet size relative to body 
Size produce generalization decrement has 
not been investigated, 

Experimental tests 
decrement hypothesis, 


been few experimental tests of the general- 
ization decrement hypothesis, and the results 
are thus far ambiguous. In the first direct 
test, Thompson et al. (1965) trained 25-, 
50-, and 100-day-old rats in shuttle boxes 
scaled to the size of the rat, and then re- 
tested them in the largest of the three boxes 
after retention intervals of Q; 50. s 100 
days. Using this procedure, no differences 
in long-term retention were found as a func- 
tion of the age at time of training, a result 
which they interpreted as showing that the 
rapid rate of forgetting typically found in 
young rats is the result of Seneralization dec- 
rement, Unfortunately the design of the 
experiment is incomplete in first failing to 


emonstrate rapid forgetting in young rats 
with test apparatuses of t} 
then in not det 


of the generalization 
To date there have 


hen ap- 


> n the retention test. 
In addition, rate 9f acquisition vari 


nificantly across age groups, 
plicating interpretation of the 
In a more recent test of the 
decrement hypothesis, Feigley and Spear 
(1970) trained young rats in an avoidance 
box appropriate for adults or in a smaller 
apparatus roughly scaled to the weanling 
body size. After a 28-day retention inter- 
val they were tested in the larger box; d 
rats trained in the smaller box were E eel 
in an apparatus which increased in volun 


ed sig- 
further com. 
results, 

generalization 
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. e 
by a magnitude roughly proportional ee 
rats’ own increase in body size. No ‘oat ] 
ences in this long-term retention ae 
thus contradicting the conclusions of 1 ". | 
Son et al. With both boxes, mue] to 
Spear found retention of the FONE 1 than | 
be significantly poorer after 28 is n 
adult rats trained and retested in the 5 | 
size apparatus, SO adients a8 b 

Stimulus generalization | gradic Dh .elate 
function of age. A question closely i "m. 
to the above issue of whether or nO natio 
animals show growth-induced gem ioo 
decrements during the retention interval gen 
cerns the nature of the primary stimi 
eralization gradient itself. Many kats coll” 
(eg. Prokasy & Hall, 1963) eon iza 
tended that the primary stimulus Prin 
tion gradient reflects the animals pc u 
discriminate the original training $ oning | 
from the test stimulus. 


From this Er «tle 
. . atn 
it follows that young animals wit 


prior stimulus experience should show f4 n 
Seneralization gradients than adults. >e l 
fortunately, it is not clear at wa 
whether generalization gradients in AE 
are typically flatter, steeper, or the - evi 
in adulthood, since there is FERREA, f 
dence to Support each view (Frieman, 52i 
baugh, & Riccio, 1969; Peterson, In th? 
Rudolf, Honig, & Gerry, 1969). [gi 

present context, flatter pud i 
dients in infancy may leave the yo 
mal more susceptible gm 
interference or facilit 
generalization 

maximize decr 
produced by 
perception. 


TRE, 


] 
fancy 


to extraexper cef 
ation, while st may | 
gradients in infancy ng 
ements in response pus in 
maturation-induced change 


Nevuroroarcar, 
Memory DEVELOPMENT 


1 
ora 
In addition to above described behavio” t 
changes taking pl 


er 
s ace during developr 
that might be related to the poorer mem? 
of infancy, 


F 
CORRELATES O 


there 


des a 

; are an equa] or gre i 
number of changes in the central nervo" 
System which might 


also influence memor. 
Of this Section is to revii 
changes and to speculate ? 
Which they might produc 
ontogenetic differences jn me 


he Purpose 
Some of those 
the manner in 
the observed 
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OxrocExv or MEMORY 


Ory, 


tis n 


3efore proceeding P 
niei Uing to this discussion, 
tween the y to reiterate the distinction 
ory, iila ME of learning and mem- 
ne rate aud versn. i gii may mature at 
i dato ER capability at another. 
P erous pon earlier, there were 
Wired ne tances in which young animals 
adult anir - material at the same rate as 

nals but then. showed mol nia 


tapid | [es 


Tum 


Periods, C t responses over long time 
Y, for exan un the field of human mem- 

l ey it is well established that 
duit arity, co (meaniugitigem intralist 
B © different n ial interval) may have 
Ungition (ef T nr on learning rate and 
eat Wood oe 1964; Spear, 1970: 
" cedent for 206), thus providing further 
dence beh instances of functional inde- 

etween learning and retention. 


7 The 
ine -© Ontogenetic distincti 
te and LR distinction between learn- 
pl ention recalls the concept of en- 
lied it to 


Dhali; 
ag ation as Y 
Str on as Yerkes (1912) app 


ela. IY Of r 

vss i se in the earthworm. Ina 

earth to our d Yerkes trained earth- 

LET To ; shock and approach moist 
aze. At criterion, the caudal 


loy 
ün low, 
d as sever . 
l severed from the head ganglion 


S ler 

ler E B MI e 5 

Tpris: etested periodically 1n the maze. 
appeared to 


1 ganglion 
this as 


nervous 
ad ganglion 


minated of 
Iting in loss 
eriment 
and it 

find- 


Ence 


Ney, 
tie, Ve 
fe Sn been successfully 
NE Wwa ms likely that Yer 
as an fact (R 
y Nonet artifact (Ratner, 
js fp, SER the concept O 
ave ced memory loss is on 
op ; COnsideral ] 
b, orgetti able relevance to t 
1? with Hs observed in young 
1 
th, the si nmature central nervous systems. 
hat implest sense, i : : 
1.3 continued hes it seems quite possible 
vi ieurological " 
d the acquisition of a ET elopment fol- 
ge d act to either disrupt if mee Reponse 
Dre mechanism (s) or to E aanry stor, 
th Viously learned materials A of 
ere has been little or no s urprisingly, 
peculation about 


e which may 
he high rates 
mammals 


a 


either of these possibilities during the past 
period during 


several decades or more, a 
which there has been an astronomical in- 
crease in the amount known about the cen- 
tral nervous system and its development. 


Myelinization 
1950s, functional development 
of the central nervous system was most com- 
monly linked to myelinization. Flechsig 
(1896) was the first to observe that myelin 
was either absent or grossly deficient in 
neonatal mammals, a finding which led him 
to postulate that myelinization preceded func- 
tion. In man, for example, he believed that 
the ability to form associations did not ap- 
pear until two to three months postnatally, 
the time at which myelin is first observed in 
the cortical association areas. Elaborating 
on this reasoning, many early psychologists 
attributed the phenomenon of infantile 
amnesia to incomplete myelinization (All- 
161). In fact, there is a strik- 
between the development of 
in both rat and man an 


Prior to the 


roceeds in à 

roughly Myelin first 

appears in the spinal the 
idbrain, 


medulla, pons. and mi 
the telencephalon. The cerebral cortex also 


elinates sequentially starting at the pro- 


my 
jection centers and ending at the association 
Jacobsen. 1963). 


centers (] 
Tn the rat, the first evidence of myelin ap- 
pears in the ventral spinal roots at about 2 
days postnatally, is not until the rat 
is about 10 days 0 egins to 
appear in the cerebrum. 
cephalon, thalamic fibers 
between 10 and 12 days 
myelinated until 40-50 days postnatally. In 
the cortex, myelinization does not begin in 
many regions until 21 days and is not com- 
plete until the rat is approximately 60 days 
of age (Jacobsen, 1963) with the period of 
most rapid deposition occurring between 30 
and 40 days (Bass. Netsky, & Young, 1969). 
nervous 


The major effect of myelin in 
ease speed of nerve conduc- 


he myelin sheath, the 
of transmission. Con- 


and it 
Id that myelin b 
Within the telen- 


begin to myelinate 
and are not fully 


tissue is to incr 
tion. The thicker tl 
more rapid the speed 
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sequently the changes in speed of neural con- 
duction that occur developmentally are 
nothing short of remarkable. F igure 2 illu- 
strates the increase in conduction velocity 
that occurs in the corticospinal tract of 
the kitten. Comparable changes occur 
other brain regions and in 
such as the rat and man, which show com- 
parable changes in myelinization (Grafstein, 
1964; O’Brien, 1970). 

A related characteristic of the young 
organism is the relative fatigability of its 
central nervous System. With repetitive 
stimulation, the refractory period of cortical 
responses increases and the amplitude de- 
creases relative to the adult pattern of re- 


in 
other mammals, 


sponding. As a result of these factors, the 
central nervous System of the young animal 
is only 


able to receive and 
small amount of informa 


(Scherrer, 1968, p. 488 


Tow mig 


treat a relatively 
tion per unit of time 
» 
ht these changes 
Clearly deposition of myelin in axon sheaths 
is not a primary memory storage mechanism, 
Nor is it likely that changes in the refractory 
period directly influence memory, yet these 
changes may interfere retrieval of 
learned material by a simple Principle anal- 
ogous to primary stimulus generalization, 
If the central nervous system can process 
only limited amounts of information early 
in development, then the amount of informa- 
tion encoded in a stimulus Sequence preced- 
ing the elicitation of a criterion response js 


affect memory ? 
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Itc. 2. Changes in conduction velocity 

kitten cortico-spinal tract during ontogenesis, 
printed with permission from 
Purpura, R. J. Shofer, E. M. 
R Nobach published in 
search. Vol. 4. 
lishing Co., 1964.) 
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d. 
necessarily less in infancy than peu. 
Consequently, when an animal E s neuro 
retention after a period during which unt 0 
logical growth has occurred, the md the | 
information processed per unit time iani 
test environment would be greater ke 
was during original learning. Chis lization 
could conceivably result in a genera iz 
decrement leading to 
Similarly ch 
per se 
ment, 


poorer perform" | 
anges in speed of. bmp 
could produce a generalization a] e | 
Proprioceptive feedback, for al 
1S more rapid in the adult than young 


Cell Differentiation 


sys: 
Another dimension of central w-—— and 
tem growth that may influence sq ee 
memory is the maturation of cell T | ce Is 
In immature mammals, the pyran 
of the cortex, for example, are small, incon" 
packed, and the dendritic ur ei j 
pletely elaborated (Eayrs & aod pr? 
Purpura et al., 1964). As maturatior mort 
ceeds, the dendritic structure pa i 
and more complex until the cell aequ of 0i 
adult Characteristics. The time course illus: 
growth sequence in the rat has sr 
trated by Eayrs and Goodhead (195 
is reproduced in Figure 3. zu miti 
Tsing a Golgi stain and a light d à a 
Scope technique, Eayrs and Goodhea ju C 
estimated the growth of anode” de" | 
tions by counting the number of A col | 
drites of a given cell appeared to ma% are 
tact with axons. Their poa 4 
Summarized in the left panel of Figt Joo!" 
More recently, Aghajanian 


and P? na 
: synaptic JU; 
(1967) counted the number of synap t 
tions in the mol 


o fa i 

ecular layer of the elo?” 

Parietal cortex at different stages of me re 
ment using electron microscopy. The! of 
sults are reproduced in the right pane pal 
Figure 4, Tn both cases it is evident je 
the majority ic junctions are fori 
between lays of age, and ee 
just in t © range Where the rat sho". 


the greatest increase in long-term memor 
There are at least 


tv in whit 
number of Synaptic Meg dt dete, 
mine the poorer memory or the rat early f 
development, Fi it may be that memo! 
is simply Proportional o > & number d 
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Copyrighted by 
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Syng us 
Ori Ptice: junctions f x x 
de Nal lans s unctioning & 
D arning. Long-term memor 
bili" redundancy. Second is the 
li Dig: that the increase in number of 
Te ithe won following learning some- 
S Sponse es access to the previously learned 
haptic. Because of the vast increase 1n 
Setsasy to elici, Ehe | sensory information 
SU oat ee elicit the learned response woul 
iffe be processed in different ways 
g rires cud of development. thereby 
Sante ec pathways. In short, it 
SA in nae that memories acquired 
acces fidelity T Y are stored with the 
ms to them ars memories, but that 
tay: Dervo z npeded by further cen- 
Alizin us system development. It is 
"hilans to speculate that the re: t is tan- 
ence ood memories return ERN early 
is because the most decent senes- 
ly formed 


t the time of 


ig 
*Yna 


Alten: 
a tin 


ied ae -— nervous system are the 
S atrophy (Pauls t i 8 
In a m (ee a 
aaa EF 8 a e forgetting 1n 
y may parallel the disappearance of 
reflexive behaviors during ontogenesis. lt 
is well established that the Babinski, root- 
ing, and grasping reflexes, as well as many 
others, are inhibited by the functional ma- 
turation of higher brain centers, and that 
many of these reflexes reappear following 
cortical insult or arteriosclerosis. Thus the 
reflexes of infancy are always present in the 
central nervous system but inaccessible (not 
elicitable) for most of the typical mammals’ 
life span. Because of the many parallels 
between reflexive and learned behaviors, it 
would not be at all surprising if some por- 


tion of what is learned in infancy is per- 
red but rendered inaccessible by 


al nervous systen development. 


parts of tl 


manently sto 
further centr: 
ectrical Activity 

(cf. Brazier, 1961) 
the electrical (elec 
activity of the 
attempting tO 
identify activity that 
might be associated with learning. TO date 
this effort, while successful in many Ways. has 
not identified the specific aspects of EEG 
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from articles by the following authors: J. T. Eayrs 


and B. Goodhead in the Journal of Anatomy, 1959, 
Vol. 93. Cambridge University 


Copyrighted by 

Press, 1959; and G. K. Aghajanian and 
Bloom in Brain Research, 1967, Vol. 6. 
righted by Elsevier Publishing Co., 1967.) 


Copy- 


228 


activity that are critically associated with 
learning. Moreover, the extensive findings 
showing that memory persists following 
temporary disruption or cessation of EEG 
activity have led most investigators to aban- 
don the notion that memory was stored in 
ongoing central nervous system electrical 
activity. Instead, most investigators now 
appear to believe that EEG activity is the 
manifestation of neurochemical activity at 
the synapse and that memory is encoded by 
morphological changes (e.g, chemical 
changes, neural growth, or changes in nu- 
cleic acid structure) either in the cell body 
or in the synaptic structure. 

As a result, EEG activity can probably be 
best considered as a composite index of all 
brain Components which influence nervous 
transmission, As such, the EEG becomes 
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measures are as folloy ;otenti D 
action potential discharge [AP], cortical BEG 
tivity [EEG], cortical steady potential ISP], ana 
spreading depression [SD]. (Reprinted with per- 
mission from an article by L. Deza and E. Eidel- 
berg in Experimental Neurology, 1967, Vol. 17. 
Copyrighted by Academic Press, 1967.) 
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a useful index of maturational developmett 
of brain function. For the rat, there are a 
few signs of electrical activity in the P4 
at birth. Action potentials are absent, $ 
though they can be elicited in subcorte a 
structures, and there are few signs of ce | 
taneous electrical activity. On Day 6, E 
primitive EEG pattern appears, but the ma 
jor changes in the spectrum of EEG de 
occur between 15 and 28 days of age. T T 
progression of development is beautifu a 
summarized in Figure 5 taken from D 
and Eidelberg (1967). "Thus, as with we 
of the previous indexes of neurological r s 
turation, there is a striking correlation 
d 
| 
i 
| 


die 
tween matur. cal ac 


ation of cortical electri 
ity and the development of memory: 


Neural Transmitters | 
Of the known neural transmitters, E 
choline is the most likely to be direct y ‘al 
volved in the memory storage and WE 
process, Rosenzweig, Bennett, pian a 
Wu, Slagle, and Saffram (1969) have sh in 
that enriched early experience, with the nat 
creased Opportunities 
accompanies it, 
brain size 
esterase, 
choline, 


ne 


for learning oth 
leads to an increase i" in 
and concentration of acetylcho i4 
the enzyme which degrades acto 
More directly relevant to me 
and retrieval are the numerous studies 5" as 
ing that anticholinergic drugs such di” 
Scopolamine produce amnesia and, F690): | 
sociation (Berger & Stein, 1969a, 19 ce 
Conversely, anticholinesterases have cif 
reported to enhance memory in some ys 


ther | 
cumstances and impair it under OF jd 


1 
(Deutsch & Deutsch, 1966). The status ^ 
interpretation of this research remains Y a? 
much in doubt, however, and there 15 yk 
yet no consensus on the role that Ww 4 
choline plays in the memory proces Am 
the other known 
transmitters—nore 


v [| 
te 
El id 


central nervous SY ji 


i pinephrine, dopamine: te 
Serotonin—none have been found to @ 


g! 
the memory process directly, altho"? 
they may act to influence memory store | 
and retrieval by altering levels of arot“ 
9r emotional state (Seiden 


"E 

& Peters? 
968; Stein & Berger, 1969). je 
Developmentally there is a remarkaD ] 


ct 
1t 


similarity in the ontogeny Of the maj? 
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Neural transmi 
Tostra] to pel _All develop in a caudal- 
68), and all s (Prede, 19467 Robinson, 
E tato T ovn the greatest increase in 
age, with vd »etween. 10 and 30 days of 
Until the bern gradual increases continuing 
See T riéde. 19€ PM days old (for review 
he aie s Himwich, 1970). Within 
© reach adi " group, serotonin is the first 
Epinephrine do Jevels of concentration, nor- 
ii and dopamine the last. 
related witi ate ase, which is probably cor- 
i EL s aoran of acetycholine, 
ADproxim. ues to increase until the rat is 
1966) ately 100 days of age (Friede, 


This 
Mines on of neural transmitter de- 
"ty, but . parallels the development of mem- 
Special «i SEA it is difficult to assign any 
tl two nificance to the correlation between 
Processes. 


De 
oxyrib , 
Olein ee Acid, Ribonucleic Acid, 
Ynthesis, and Metabolic Rate 
rous attempts have 
ibonucleic acid 
protein 


Ir 
ln 
ecent 
ten Dade. years, nume 
(DN ) € to implicate deoxyr 
, ribonucleic acid (RNA), 


Sy 

Nthee: 

ty ,,Sis, a x t 1 

x lem and metabolic rate in the brain 

" " E 

ES emory storage and retrieval pro- 
aese theories is 


s ; 
ate eat While the status of tl 
E tistics brief review of how these char- 
ation 4 change during development 1m 
mor. © the ontogenesis of learning and 
i Bra is in order. 
"crease DNA and RNA both continue to 
te postnatally in most mammals. Fig- 


i si d 
u hows the time course of these changes 
Increases 


Se 
Q Veral r 8 : 
cur Y representative Species. 
DS Eos the dog, cat, rabbit, and rat; but 
i ease i : gei 
d Orn ase is seen 1n the pig which 
ne a ree a mature central nervous SyS- 
ath Na long gestation period. In the rat, 
t tt P and DNA attain their maxima 
: day 
im mem ays postpartum, well before long- 
Nd that ux reaches adult levels. indicat- 
Mice tit a 1% no. simple relationship be- 
Dents aud i of these brain con- 
h memory. With re 
L^ dna spe ota 
tain an index of the numb pect tot tal 
Mme © this i AET ee of cells in the 
i Eser is not surprising, sin 
t iuo of a cell body does ot ice the mere 
ET i reached functional m as A that 
er, dendritic arborization m e DS 
i the forma- 


guinea 


WHOLE BRAIN DNA, mg 


1742! | 2 
UA soy 

Month 
POST PARTUM AGE 


tal brain DNA content of 


representative species during postnatal 


(Reprinted with permission from an article 
in, Harth-Edel, and R. Mar- 


Days 


Fic. 6. Changes in tol 


several 
growth. 


by P. Mandell, H. Re 
dell in Comparative 7 reurochemistry. Copyrighted 
by Pergamon Press, 1964.) 

efts continues to develop 


tion of synaptic cl 
long after the cell body 
the brain cells t 


is formed. In 
hat are forme 


addition, 

postnatally consist almost entirely of primi- 

tive microneurons, cells that are unlikely 
and memory (Alt- 


to be critical to learning 


man, 1970). 
From these data, it also appears that total 


brain RNA is unrelated to the increase in 
long-term memory that occurs in the rat 
after 14 days postpartum. This is not to 
say that DNA or RNA are not essential 
substrates of the memory process, as they 
undoubtedly are (Booth, 1967), but to indi- 
cate that total quantities of these substances 
in the brain are simply not predictive of 


long-term memory. 
[n recent years, more attention has been 
in synthesis 


paid to the overall role of protet 
in memory S$ n to RNA and DNA. 


Numerous stu hown that inhibi- 
tion of protein syn y antibiotics such 


as puromycin and imide act 


torage tha 
dies have $ 
thesis b 
acetoxycyclohext 
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to impair memory consolidation (Agranoff, 
1970; Barondes, 1970; Flexner, Flexner, & 
Roberts, 1967). While there are many 
difficulties in interpreting these findings, 
there is a strong possibility that some aspect 
of protein synthesis is critical to memory. 
Unfortunately, the present synthesis inhibi- 
tors are ubiquitous in that they inhibit the 
formation of all proteins. 
virtually impossible to exami 
between rate of protein synthesis and the 
development of long-term memory, since 
growth of the brain is predominantly de- 
pendent on synthesis of new proteins. When 
and if the proteins critica] to memory stor- 
age are identified, then it may be possible to 
relate concentrations of those proteins to the 
development of long-term memory. At 
present, what js known is that the total 
amount of protein in the brain increases 
extremely rapidly beginning at age 10 in 
the rat and reaches an asymptote about 30 
days of age (Agrawal & Himwich, 1970). 
Another dimension of brain function that 
has been occasionally implicated in long-term 
Tetention is that of metabolic rate. Here the 
assumption is that the memory trace (or 
access to that trace) is gradually eroded over 
time by the turnover of cell body con- 
stituents, and that alteration in metabolic 
Tate either accelerates or retards forgetting 
by speeding or slowing the turnover pro- 
cess. To date, the several experimental tests 
of this hypothesis are at variance with each 
other, and it i not yet clear whether brain 
metabolism is in anyway related to forget- 
ting (Gleitman & Rozin, 1971). When this 
concept is considered in the developmental 
context, it first appears as though 
might be a relationship between met 
«ute and forgetting, since it is well 1 
that basal Metabolic rate is mucl 
childhood than adulthood 
1965). Brain metabolism, 
linked to body metabolism. In fact, it shows 
quite a different developmental pattern. 
Instead of decreasing during development, 
brain metabolism increases rapidly in the 
early postnatal stages to a maximum and 
then maintains that level into adulthood with 
only a slight decline as aging occurs. Thus 
the rapid rate of forgetting in infancy is not 


This makes it 
ne the relation 


there 
abolic 
known 
| higher in 
(Keele & Neil, 
however, is not 
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r 

: ; f hei ned b 

determined by a period of heighte 

metabolism. a genetic dit? 
The foregoing analysis of sig related © 

ferences in memory can also yc unde | 

the decay theory of forgetting, now 


opt 
3 j wise in Pore 
going something of a prom yi 

H "y . ie i| 
larity (egi, Gleitman, 1971; ? te 


, simply S 
Dawson, 1971). That theory simp! il 


as repr 
that over time the memory irace, as eP , 
sented in the central nervous Sr t a 
minishes in strength. In this en 3 
jor aim of Section I1I was ta Taen chanist 
of the central nervous system's eri decay © 
which might account for the rapic he ic en 
memory in the neonate. Perhaps t eas rr 
fication of critical variables will ia decl" 
those preparations where memory d 
ing most rapidly. ‘ety Ji "a 
What is more important, howev cha m 
fact that the effects many of these stigal^. 
have on memory can now be rit T A 
For example, demyelinating agen cie E. 
& Luse, 1964) and dietary C ter d 
(Dobbing, 1964) can be used to epos í 
centration or rate of myelin € e 
central nervous system poisons +965 y. 
hydroxydopamine (Ungerstedt, 1 ic 9) P 
be used to destroy catecholaminer 5 We 
tic clefts at different stages of ruis M. 
various drugs can be used to block ee 
hance I E afi He 
brain centers can be temporarily plots 
by topical application of potassium efie 


mo 


Re 


es A 
JA 4 sé 
specihe behaviors, and many other vali B 
ject relatively easily to experimen 


parapo” " 
IV: ResoLUTION or THE LI" jo! 


ities 
There are at least tw. P 


o possible re 


A j por 
to the paradoxical combination O id gf 
retention by immature mammals a, f 


P] 
Critical importance of early experienced i 
adult behavior. One Possibility, as 10% e 
the introduction, is that key early € a 
ences may permanently alter structure al 
function of the autonon 


nic, endocrine: 
central nervous systems. 


> NP ^ 
Another possible resolution of this P 
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dox is thr 
cs ch mechas which act to 
gotten. The mories that are normally for- 
msm are that requirements of such a mecha- 
under SORT ihe be unavailable to the animal 
at least = ed laboratory conditions, but 
in its natura piae i available to the animal 
ampbell To TE “Reinstatement” 
Chanisim C: Jaynes, 1966) is such a me- 
retention | "A mpbell and Jaynes found that 
Cilitated tl immature rats was greatly fa- 
ditions or they were reexposed to the con- 
tributed t] original training at points dis- 
OWever ireughorit the retention interval. 
Were onl s sell reexposures by themselves 
Ence Ned x fractional portion of the experi- 
mals hee oe for original learning. Ani- 
gave no n eny this “reexposure” training 
The diei of learning. 
instate her pose in introducing the term "re- 
tance of nt” was to reemphasize the impor- 
novati rather than for 
nism for 


such a phenomenon, 
on, In fact a similar mecha 
AS proposed long ago 
In discussing factors 
memory 


sers; 
es memory Ww? 

sponsible (1863). 

ible ae 

ace, = for weakening of the 

Nemory cy noted the apparently poorer 

Y of immature humans: 
child remember ? 


xe often before 
ven its mother 


n 


In 

deeq 

t a E objects does the 

ih Cyes; nor ouy those which a 

uld she E p soon forgets € 

- ie 7 

Ti p. 70]. 

"en 

Mee »*. describes how 
" s 

lr m might act to conserve ret 


W adult: 


a reinstatementlike 
ention 


Ap 
a N adult 


s 
diy, ort pers 


» uü " 
M meeting another 
Vere se b E from him à D 
in OK, his 1 ions; the facial expres? f the 
we Sound xp es pose, gait, manner 
leg. call mae ee the subject of CO 
op. considerable in the memory for à 1 
op pE impressi time, depending on the strength 
‘ng, e impres ion; in the end, however, 
Sene €T ta d begin to weaken. B 
Sat; ations inaa is met, who along 
Sensas; Broduced. | one closely resembl 
Tere ion is e by the first person. 
cnecshed to a ned in the memory, and becomes 
tom „anew. E th that it seems to be experi- 

iW «o dmt rU ions are repeated 

e, the traces remain [p- 70] 


ing the 5 
he latter 


S 
Ech 

th Nenoy 

h then s 

i.e Poorer "à suggests that one reason for 

eas the oe by children may result 
Ces d Opp EG: x NT 
€s which mr py for those experi- 

ze memory: 
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these conditions, even it 


In the child, however, 
bly less pronounced 


they are present, are incompara 
[p. 71]. 

Operationally, reinstatement is defined as 
better performance on à retention test by 
animals which have been briefly reexposed 
to the conditions of original learning during 


the retention interval in comparison with 


mals receiving no such 


performance by ani 
reexposure. Two critical assumptions 
underly the significance of this phenomenon. 


it is assumed. that the reinstatement 
conditions are in themselves insufficient to 
establish learning. The second critical 
aspect of the reinstatement trials is their 
distribution throughout the retention inter- 
ably if they were simply added 
ng trials at the time of original 
learning, the benefit to retention would bea 
good deal less than is found with more even 
distribution throughout the retention inter- 
val. Both of these suppositions have been 
confirmed empirically, the first by Campbell 
and Jaynes (1966, 1969). Shubat and White- 
house (1968), and Silvestri, Rohrbaugh, 
and Riccio (1970), and the second by Green- 
field and Riccio (in press). 

The generality of reinstatement has be- 
come increasingly apparent. Studies with 
the rat have established that reinstatement 
aining ret 


is effective in maint ention of “fear 
e.g. Silvestri et al., 1970), 


conditioning” (eg 

discrimination learning (Campbell & Jaynes, 

1969), and in grade school children using 
Coates, Bertucci, 


First, 


val—presum 
as overtrainit 


a matching task (Hoving, 
& Riccio, 1972). In the latter experiment, 


associate pairs of 


arned to 
they were 


children first le 
ight weeks later 


pictures, then € 
asked to match pictures from a pool in 
a the original pairings. Child- 


“reinstatement” condition were 
a story during the retention inter- 
luded pairs of pictures matchec 
during original learning. 
learning, children given 
equired only 
ny trials to relearn 
children not given 
ut one- 


as they 
Eight weeks 
the reinstatem 
o-thirds as mat 
pairings as 

this reinstatement treatment and abo| 
third as many trials a5 children given only 
the reinstatement treatment but not original 


learning. 
Other varia 


after 
ent treatment T 


about tw 
the correct 


bles which have been shown 
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to influence the magnitude of the reinstate- 
ment effect are the duration of each rein- 
statement trial and its content. _Effects of 
these variables, though not uninteresting, 
are nevertheless straightforward and pre- 
dictable. For example, Campbell and 
Jaynes (1969) trained weanling rats on a 
brightness discrimination, then measured 
their retention 10 weeks after original learn- 
ing. Five groups of rats differed in their 
duration of exposure when reintroduced to 
this same task once each week during the 
retention interval: Either 0, 7.5, 15, 30, or 
60 minutes of additional practice on the 
original brightness-discrimination task con- 
stituted the weekly reinstatement experience, 
Although 60 minutes of practice per week 
was nearly sufficient to eliminate the per- 
formance differences between rats given and 
those not given original learning, results of 
the other conditions permitted the conclu- 
sion of better retention the longer the dura- 
tion of each reinstatement session, 
Questions concerning which specific fea- 
tures of the reinstatement experience are 
critical for improving retention may also be 
relevant to the question, “What is forgot- 
ten?” Some cataloging of effective memory 
attributes probably is necessary for under- 
standing animal memory (cf. Spear, 1971), 
and if certain elements of a conditioning trial 
are found to be both necessary and sufficient 
for reinstatement, these elements are in turn 
implicated as critical memory attributes, 
For example, Silvestri et al. (1970) found 
effective reinstatement of fear conditioning 
even though only the conditioned stimulus 
(without the unconditioned stimulus) was 
Presented on each reinstatement trial. 
Silvestri et a], noted that the short dura- 
tion of the conditioned-stimulus-only rein- 
Statement trials was Probably responsible 
for the occurrence of reinstatement instead 
of extinction, an assumption they then veri- 
fied empirically. They also found that with- 
out the conditioned stimulus neither Presen- 
tation of a “new” aversive stimulus nor the 
original unconditioned stimulus during re- 
instatement trials was sufficient to improve 
retention. Thus reinstatement of the con- 
ditioned stimulus dimension is probably 
more important than reinstatement of the 
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] 
unconditioned stimulus for maintenance of 
the target memory. NT. 

The fear-conditioning procedure use | 
Silvestri et al. involved alternate places 
in the black and white compartments a 
two-compartment box. The rat pene not 
footshocks in the black compartment e jl 
in the white. Placement for an equiv 
period into both compartments also dich 
stituted the reinstatement procedures w^ à 
were effective even without the pue y 
shock in either compartment. ppt the 
animals had been placed in only one Hou 
compartments for reinstatement. re coda 
Teexposure to the presumably iet rein- 
partment yield a different degree P 
statement than reexposure to the prev! fe 
more “safe” compartment? Cree 
(1969) conducted an appropriate exper’ nen 
within this context and found reinstate i 
to be more effective when animals nic 
placed only in the compartment ne they 
they were previously shocked than a com 
were placed in the previously “safe ; no 
partment. Of course, such a design sige ri 
permit identification of which memory spic” 
butes were forgotten independent of V ral 
were acquired originally. However, ut m 
lel results have been obtained in a etl (n 
ment experiment by D. A. Campbe iS | 
preparation) employing a brighiness e 
crimination task. Campbell found reins* g- 
ment more effective when animals wer gus 
posed only to the nonreinforced stim en 
during the retention interval than D ed | 
animals were exposed only to the reinfo the | 
stimulus. Thus, in both experiments, wi 
stimulus most effective in reinstatement ni 
the stimulus associated with inhibition è 
responding. Whether this is due to ™ 0 
rapid forgetting of memory attributes 35 at 
ciated with inhibition or to the fact kr 
inhibition was more critica] than excitati y 
for original learning has yet to be de 


mined, 
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4 TAN Memory 
The relevance 


f! 
H a 
memory and apu iml Studies to Dur 
5 d Ive 1 
subject to increas; Processes has P; 
asing] in + atl 
over o past decade” ae dec ji 
stance, the same Caution should be observe 
eo 
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there ar É 
Ni ivy vast differences i 
qm i LM of behavioral s m 
ample, lias n rats and man. Maz pcr 
to Rn cé enormously e sae “ity 
and much EN store complex ini 
Nhe “info: what is subsumed mit meg 
Esos of E amnesia" refers to the 
itisnces iie lor complex veris a d a 
perds ^j are easily recalled if Tamel 
equate the x , Needless to say, we = Es 
Such as Ei. forgetting of ‘specifi be 
assive-avoidance cies cies 


Tats vi 
with i 
infanti 
fantile amnesia in man M 
an. Alore 


Over 

there 

Tate re are subs i 

d : re substantia iffer i 

pa Joni de ntial differences in 
: g for different tasks in the 


" Some, like > 
refi tten much n i ly, w hile others are 
ects differ lore slowly. Whether this 
arning tl ned in strength of original 
the. Drop susceptibility of inhibi- 
tha some re Iis responses to forgetting, or 

a Others 4 sponses are more “natural 
the Olten is and therefore less likely to be 
gasis end yet unknown. But even if 
sin 8 ers em differential rates of for- 
be an ope known for the rat, it would 
Theda de question as to whether those 

May n the ma operated in man. 

of : simil; Wes hand, there are a à 
may, ier nnn between the ontogenesis 
Cen; nd ra and nervous system function in 
tra ey Both are born with immature 
om a ie systems, are virtually help- 
h, and are completely dependent 


thn Pare 
iron, otal care. Similarly, both pass 
and socia 


Same 
great 


ver Van X 
$ ce hierarchies emerge during 


ni 
dey entially, the overall pattern of brain 
id S ign: is remarkably similar in rat 
ag dal "Mss both species, for example, the 
Th tme eiar are the first to myelinate 
me TEs association areas the last. 
At bith d is, of course, vastly dif- 
ie human central nervous 


ing Bh. peri . 
b leractiong iods of intense Play‘ 
havior ns culminating in ad lt sexual 
Omin. >? and in both species complex social 

lo de 


Sys 

Ste; E 

thee 1S is 

ie of the ee more advanced than 
E at. In man, the spinal motor 


S are f. 

, tre fully myeli E 

RS fiar A A E at birth whereas 

he rat angi gu not begin in that area 
wo days postnatally. Simi- 


la; 
rly 
Some brain stem and 
and cerebellar struc- 
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show considerable myelinization at 
à / e no such development is 
evident in the rat. On the other hand, there 
is no sign of myelin in forebrain structures 
such as the thalamus, striatum, fornix, or 
cortex in either species. In man, the cor- 
tical association areas show traces of 
myelin at three months postnatally, but the 
rate of deposition is extremely slow, con- 
tinuing past the tenth year postnatally and 
possibly into the third or fourth decade. 
Myelinization of the thalamic radiations be- 
gins about the same time but is completed 
by the eighth to ninth year. Other forebrain 
areas commence myelinization at about the 
same time, but deposition is much more rapid 
and nearly complete at 12 months of age 
( Yakovlev & Lecours, 1967). However 
by weight the amount of myelinization pres- 
frontal lobes is only 4096 of the 
O months of age (O'Brien, 


the extent to which myelin 
hat area after the 


tures 
birth in man wher 


es in t 


unction confirm 
of development. At 
aneous EEG activity can be re- 
an infant, although much 
believed to be subcortical 
1967). The pattern 
of EEG activity changes drastically during 
the first tl years and then more 
gradually during the subsequent years into 
adolescence & Scheibel, 1964). 
Similarly, 5 ye conduction con- 
tinues to inc uring development and 
fatigability decreases just as it does in the 


this general pattern 


in or 


rat. 
al nervous 


In summary, 
stem structure 

ccurring 
life appear in mat 


changes in centr 
and function comparable 
in the rat during the first 
1 during the first 


For both species, these changes 
rgence of long-term memory 
ed retention of instru- 
e disappearance 
But whether 


development is critt- 


sy 
to those o 
months of 
sears of life. 
rallel the eme 
improv 
the rat and thi 
ia in man. 


pa 
as judged by 
mental tasks in 
of infantile ammes 
al nervous system 


centr 

cal for the emergence of long-term memory 

is still an open question, since the sequence 
ment and the continu- 


of behavioral develop! 
ing acquisition of new 
account for the poor merr 


responses could also 
nory of infancy in 
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changes in the hope it v 


memory, 
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infrahuman 
neurological or þe- 
as critical for the emer- 
term memory, the greater the 
examining those processes in 


gence of long- 
necessity for 
man. 
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in the absence of changes in prin 
potentials (Weinberger, Goodman, & 
Kitzes, 1969). In addition, studies on the 
effects of stimulation or ablation of mesence- 
phalic reticular formation on habituation 
support the hypothesis that it is involved in 
response habituation (Capps & Stockwell, 
1968; Glickman & Feldman, 1961 
trast, decrement to repetitive 
a primary Sensory system 
Buchwald, 1969; Webster, 
appear to be necessarily 
rapid time course of 1 
habituation (see Grov 
Thompson & Spenc 
et al., 1969), 

In spite of this 
reticular formatio 
there has been little discussion of how various 
cellular elements, which comprise 
reticular network, are involved, This lack 
is critical in view of recent anatomical and 
physiological studies showing that the 


nary evoked 


). In con- 
stimulation in 
(eg. Kitzes & 
1969) does not 
related to the more 
»ehavioral response 
es & Thompson, 1970; 
er, 1966; Weinberger 


evidence implicating the 


n in response habituation, 


the 


re- 
ticular formation contains many different 
types of neurons ( Brodal, 1957: Ramón- 
Moliner & N 


auta, 1966 ; Scheibel 
rde, 1961, 1962) 
hich serve different 
cases opposing, functions 

Sauerland, Nakamura, & C 
In this paper, wi 
of how the retic 


volved in respon 
Structural el 


& Scheibel, 
and has sub- 
; and in some 
( Brodal, 1957; 
lemente, 1967). 
€ Propose a specific model 
ular formation may be in- 
Analogous 
lar forma- 


1967; Valve 
divisions w 


response plasticity 


ediation of 
stimuli. 


to repetitive sensory 
Habituation in the Spinal Animal 

It has been known for s 
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The output function might then 
action of these labile 
the giant cells— 
n to various 
hout the 


regions. 
be the result of the 
parvicellular elements on 
effector neurons for distributio 


final common pathways throug 


neuraxis. 

Tt is particulary important at 
to consider several specific aspects of the 
anatomical arrangement described above and 
how they might relate to habituation phe- 
nomena. Habituation occurs in all mod- 
alities (with a possible exception discussed 
below), yet it is not certain if all sensory 
systems utilize parvicellular relays in reach- 
ing the reticular formation core. Partly this 
stems from the fact that the boundaries of 
what is usually called reticular formation 
are blurred. This is particularly evident, 
for example, in the case of the junction of 
the nucleus reticularis parvicellularis and 
the spinal nucleus of the fifth cranial nerve. 
Furthermore, the relationship between the 
small-celled and medium-sized-celled re- 
ticular areas in the mesencephalon and 
thalamus and the giant-celled reticular core 

How- 


this point 


has not received detailed study. 
ever, recent work demonstrates that the 
y probably innervate 


small-celled regions Ver 
dal giant-celled reticular core 


cheibel, 1967; Schlag & hal- 
Idron & Gwyn, 1969; Wein- 
& Lindsley, 65). Al 
regions are not typ- 
ociational cells for the 
it is quite pos- 


the more cau 
(Scheibel &S 
let, 1963; Wa 
berger, Velasco, 
though these anterior 
ically thought of as ass 
giant-celled reticular core, 
sible from both anatomical and neurophysi- 
ological evidence that they serve this func- 
tion. If so, they would vastly increase the 

input could make 


extent to which sensory 
“associational” contact with the 


mediated or 

reticular core. Finally, recent studies 

(Mizumo, Clemente, & Sauerland, 1968; 
have demonstrated that 


Valverde, 1962) 
] sensory regions innervate the 


areas of the brain 
phalic areas) thus 


some cortica 
smaller-celled reticular 


stem. (including mesence| 
ng the possibility that some sensory 
parvicellular regions may involve 
This could have the im- 
| significance of allowing 
1 influences on habituation, 


openir 
input to the 
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portant functiona 


for certain cortical 
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SENSORY INPUT 


MOTOR OUTPUT 


Fic. 1. Summary diagram o 
underlying response habituation, 
the reticular formation, 
receive sensory input [d 
elements are proposed 
throughout the neuraxis by means of their 


Specific nuclei contained within these two 
formation are listed.) 


The small-celled 
otted lines] from 
as the neuronal substr. 


for example, those aspects of habituation 
involving Sensory discriminations (Sharp- 
less & Jasper, 1956). 


In addition to the various relayed sensory 


effects, the giant-celled reticular core re- 
ceives direct Sensory innervation. The most 
notable example of this is provided by the 
small diameter ascending spinal fibers car- 
ried in the ventrolateral funiculus, A con- 
siderable body of anatomical (Bowsher, Mal- 
lart, Petit, & Albe-Fessard, 1968) and physi- 
ological (Casey, 1969; Melzack & Wall, 
1965) data link the spinoreticular fibers 
with the mediation of pain. In view of 
experiments showing that little or no habitu- 
ation occurs to painful stimuli (Sokolov, 
1963), it may be that this system terminating 


f the reticular 
(The giant celled 


ates of habituation, 
connections with th 
major functional 
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Summary of the Model 
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Figure 1 summarizes in schematic t a$ 
the neuroanatomical and functional rela ye 
we have described. For conveniences, a 
have not drawn the direct sensory inpt pas 
the giant-celled reticular region, “What Per 
typically been dealt with as reticular for 
tion, namely, the mesencephalic reticu ee 
is pictured as an anterior fun" 


E soci? 
tional extension of the parvicellular assoc 
tional system, 


s Sensory information can s 
transmitted through the parvicellular P 
Ons, directly or via cor 
Xt becomes Subject to t 


sociational neur 
relays, where 
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Variety of ed, present evidence from a 
that actiy model system analyses dup 
volved Ba synaptic inhibition is not in- 
sult from, on that habituation may re- 
and that oo of synaptic depression 
crementa] pena ugn may result from in- 
lompson EE activity (see Groves & 
; Thompson & Spencer, 1966). 


So 
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Reinterpretations 


, Whil ' 
on jg a NOE that the reticular forma- 
response t ved in short-term plasticity of 
PY no oi repetitive sensory stimulation is 
Provide ans a novel one, our model does 
Many al clear anatomical substrate for 
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Dlasticit © observe consistent examples of 
lon di response to repetitive stimula- 
bituation eticular formation neurons. a- 
cells of eg sensitization occur reliably in 
Course ihn: reticular formation with a time 
Mtact Rese to these phenomena in the 
et al, ee (Bell et al, 1964; Groves 
ite oa” pid et al, 1970; Horn & 
Cinberger Scheibel & Scheibel, 1965 ; 
fractions hy al., 1969). Additionally, n- 
habituatio. of modalities on the processes o 
Understood and sensitization ate easily 
in our view of the functional 
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bituation of behavioral and neural responses 
is also 


(see Groves & Thompson, 1970) 
easily and obviously accounted for on the 
of a reticular formation origin for 
In addition to the clear oc- 
sensitization 


basis 
these processes. 
currence of habituation and 
ir interaction in the re- 


the parametric character- 
Thompson 
wn to hold 
al, 1964; 
& Scheibel, 


processes and the 
ticular formation, 
istics of response habituation (see 
& Spencer, 1966) have been sho 
for reticular neurons (Bell et 
Groves et al, 1972; Scheibel 
1965). 

The effects of sleep on habituation (see 
Sokolov, 1963; Johnson & Lubin, 1967) 
also have a clear anatomical substrate in our 
model of reticular formation function. It 
has been known for some time that many 
habituated responses show a spontaneous 
recovery with the onset of sleep. Groves 
and Thompson (1970) suggested that this 
reflected a reduction in function of systems 
ved in response plasticity in 
If this system were the 
then one would expect 
little or no habituation of reticular units 
during sleep. Scheibel and Scheibel (1965) 
have shown that repetitive activation of the 
sciatic nerve, which normally results in pro- 
nounced decrement in evoked discharges of 
single cells in reticular formation of un- 
anesthetized cat, produces little or no de- 
crement during slow-wave sleep. While the 
mechanisms of this alteration in lability of 
reticular neurons are as yet unknown, the 
fact of its occurrence in view of a reticular 
substrate for short-term behavioral plasticity 


is indeed suggestive. 

Another puzzling phenomenon fo 
neural systems theories of habituation is the 
*missing-stimulus effect" described by So- 
kolov (1963). For some responses, the ab- 
sence of a stimulus may produce an increase 
in response similar to alteration of any other 


characteristic of the stimulus. Groves and 
Thompson (1970) suggested that this was 
omenon characteristic of state vari- 

isily be accounted for 


primarily invol 
the wake organism. 
reticular formation, 


r many 


a phen 


ables and could most ez 
the basis of temporal conditioning of 


Interestingly. it was pointed out that 
ditioning may be limited to 


on 
state. 
temporal con 
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responses that clearly reflect level of arousal. 
In addition to this, single cells in reticular 
formation have been observed to respond to 
a regularly repeated stimulus after it has 
been terminated at intervals which closely 
approximate the training intervals (Scheibel 
& Scheibel, 1965). These observations, to- 
gether with the theoretical view of Groves 
and Thompson, are most easily explained by 
assuming a reticular origin for the missing- 
stimulus effect. 

Evidence derived from the e 
ulation and ablation 
ticular formation (ou 


ffects of stim- 
of mesencephalic re- 
r rostral extension of 
the labile, parvicellular elements of the re- 
ticular formation) is entirely consistent with 
its proposed role in response plasticity. 
Ablation of mesencephalic reticular forma- 
tion has been shown to abolish short-term 
habituation artle response in rats 
affecting response ampli- 
ckwell, 1968). Further, 
rencephalographic arousal 
i stimulation of the 
n of rats has been 
lickman & Feldman, 1961). 


stimulation in the region 
of the nucleus gigantocellularis, on the 


other hand, elicits escape behavior in cats 
(Casey, 1971) and rats (Keene & Casey, 
1970). 

Hippocampectomy, amygdalectomy, de- 
Cortication, frontal cortical ablation, and 
other partial neocortical ablations have been 
reported to retard response habituation (see 
Thompson & Spencer, 1966). Within the 
Present theoretical framework, these effects 
can be viewed as secondary to changes in 
reticular excitability which many of these 
manipulations are known to produce. Many 
forebrain structures which appear to in- 
fluence habituation (&g., hippocampus and 
frontal cortex) have intimate anatomical 
connections with the reticular formation 
(see Lynch, 1970; Valverde, 1962), and 
there is considerable evidence that these 
suppress neurophysiological (see reviews 
by Dell, 1963; Sterman & Clemente, 1967) 
and behavioral signs of reticular arousal 
(Lynch, Ballantine, & pem 1969), 
Tris reasonable, therefore, that for the most 


demonstrated (G 
Direct electrical 


AND Gary S. Lyncu 


not 

part, these ablations retard, but = e- 
abolish, short-term habituation of ma 
havioral responses. . ie habituatio" 

Although theories oí response ts effec 
have been proposed which deal v istics © 
tively with many of the wiped 
habituation, a clear and adequate ana in 
Substrate for short-term pasa E a The 
intact organism has yet to be sae ; 
Possibility that the reticular toppe of net 
area modulated by a large numb tation 
Tological systems, is central ef conditions 
could explain the wide range dm Mo 
known to influence these agi 
important, perhaps, than perm s g 
simple forms of plasticity by rr the 
reticular formation is the possi) of pla 
parallel. proce sing of these fpem E may 
ticity at all lower levels of the nieu icli 
involve interneuronal mechanisms Y tinto | 
qualitatively similar through the e my) 
central core of the spinal cord and 
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over m events, E,, k = 1, with 
m 


2, P(E,|Hj = 1. An E; is sampled with 
k=l 


replacement and observed on each trial. 
Let D, stand for the data, a sequence of x 
observed E;'s. Bayes’ rule provides the 
mathematical procedure for combining the 
prior probabilities with the sampling prob- 
abilities after 2 observations to obtain the 
posterior probabilities, P,(H;|D,), con- 
cerning which H; is generating the events. 
The form of the rule most useful here is 


DE 


fis m LM, [1] 
is the ratio 
the posterior odds, is 
the ratio P,(Hi] D;)/P,(Hs| Dp); and L, 
the likelihood ratio, is the ratio P(D4|H3)/ 
P(D,|H,). Independence of trials implies 
that when an additional E 
is multiplied by L to obtain 
words, L for a collection of events equals 


the product of the values of L for the in- 
dividual E;. 


where Qo, the prior odds, 


Po(H 1)/Po (H2) ; 2 


ny 


is observed, Q 


1 òin 


9,51. In other 


Experimental Paradigm and Results 

A paradigmatic experimental task (e.g., 
Phillips & Edwards, 1966) can be con- 
ceptualized as one in which the subjects 
are shown two bookbags, H, and H», each 
containing red and blue chips. The frac- 
tions of red and blue in Bag H; are b; and 
qi =1— p; respectively. — With prob- 
ability P (Hi), Bag H; is selected and chips 
are randomly sampled with replacement. 
The subject is shown the chips, but not 
the bag from which they have come. His 
task is to give posterior probability esti- 
mates or, more usually, posterior odds 
estimates as to which bag is being sampled. 
These estimates are compared with the 
Bayesian posterio 


r values, often by means 
of the accuracy ratio, first used by Peterson, 


Schneider, and Miller (1965), and defined 
as the ratio of logio of the subjects’ odds 
estimates to logis of the Bayesian posterior 
odds. i 
Subjects have been compared with 
Bayes’ rule over a wide range of situations, 
not restricted to choices between multi- 
nomial distributions. The literature has 
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been reviewed by DuCharme (1969), so 
and Lichtenstein (1972), and Rapopo n F 
Wallsten (1972). The results of mo hat 
these studies are quite consistent, Ih | 
subjects’ estimates are monotonic veal 
but conservative relative to, the ori more 
values; they are always distribute dd be 
equally among the H; than they shon ae | 
This conservatism is greater pees: 
ratio is smaller) at more extreme po$ 


as 
see s of L S 
probabilities, for larger values - arg 
sociated with a given E;, for < fof | 


greater numbers of observations. 


jsm 
3 : " yy servalls 
Theoretical Interpretations of Conser 


Implications of these results Lig 
discussed by Edwards (1968), Du 12) 
(1969), Slovic and Lichtenstein T 
and Rapoport and Wallsten Cg, n | 
authors point to three ope, TM 
the conservatism phenomenon whic on 
received attention in the literati a 
has been termed misperception 
1966; Vlek & Van der Heijden, 5 A 
Wheeler & Beach, 1968), and Es He 
subjects combine information me iad 
ately, but misperceive the pem 
(i.e., the value of L) of that info egat? 
Another has been called misagg uh 
and states that subjects ageara i ji 
ceive the diagnosticity of infor? rat) 
incorrectly aggregate it with other oa 
tion. This is favored by Edwards int d 
who has developed a man-comput "uU 
action system to overcome this E sity 
deficiency in actual decision-makir PAN 
tions (Edwards, Phillips, Hays, © is ea 
man, 1968). The third explanation te l 
subjects mig 
form 
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should aly E the processing errors 
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experiment į Se aes, every time an 
le two suse. to distinguish between 
vi ssibilities, i (€ 
fius where in the s, it becomes less ob- 
aggregation 


a m perception stops 
charme, & Edy 211 (Peterson, Du- 
each 19 “dwards, 1968; W 
rach, 1968: ; as; 8; Wheeler & 
Jy Edwards. pos the comments on these 
E a n» 68). ‘This is mainly be- 
“88tegation T relating perception and 
E lective adda a. respectively, to sub- 
“eloped, S has not been sufficiently 
two. addition, 
the à Pothe 
. 1€ assur 
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: marengan of the former 
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n that subjects’ estimates are 
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. Sor pr us 

x Wallsten p! aec am (see Rapoport 

io ation du 712). The response bias ex- 
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Ne valid: 
pe to by a these assumptions is 
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m tio Previous ee as has been pointed 
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fia: "irst, E i view, the problem is two- 
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priori assumptions about scale values, and 
whenever data and theory are not available, 
it is impossible to assess any assumptions. 

Of course one model for probabilistic 
information processing is Bayes rule. In 
fact, it has been suggested that at least a 
first approximation to à descriptive model 
may be had by raising L in Equation 1 to a 
powerc,0 «cS 1 (Edwards, 1968; Peter- 
son et al., 1968; Schum & Martin, 1968). 
Questions of misperception and misaggrega- 
tion, then, would be questions concerning 
why c is less than one, while questions of 


response bias would assume that c equals 


onc. 


Basic Assumptions 

A descriptive model built around Bayes' 
rule carries with it two important inde- 
pendent assumptions which, perforce, are 
incorporated in all the theoretical and 


empirical work discussed above. One, the 
likelihood ratio principle, states that the 
subjective diagnosticity of an event (or set 
of events) depends on the ratio of the sub- 
jective likelihood of the event(s) given one 
H; to that given the other. The other as- 
sumption, the multiplying principle, states 
that the subjective diagnosticity of a set of 
events equals the product of the subjective 
diagnosticities of these events taken singly. 

The validity of each of these assumptions 
is unknown despite their crucial positions. 
This has been stated perhaps most force- 
fully by Green (1968), who pointed out that 
a linear function (in this case the log of 
Equation 1 with L* substituted for L) can 
often account for most of the variance 
generated by a more complex function and, 
in the absence of prior theoretical notions, 
can easily be falsely accepted. Thus, 
although it may provide a reasonable 
description of the subjects’ responses, it is 
an open question whether it provides a 
valid explanation of the processes which 
led to those responses. 

The assumptions which underlie the 
previous work may now be summarized : 
(a) the likelihood. ratio principle, (b) the 
multiplying principle, and (c) the assump- 
tion that subjects’ probability or odds 
estimates are identity measures of their 
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subjective probabilities. Occasionally c is 
replaced by (d) the assumption that sub- 
jects' responses are conservative relative 
to their subjective probabilities. 
tion, various assumptions hav 
about what constitutes perc 
than aggregation of the infe 
vice versa. 

Assumptions a and b are the corner- 
stones. They represent the main state- 
ments concerning how hum 
opinions in the ] 
or how they pro 
tion. 


In addi- 
€ been made 
eption rather 
ormation, and 


ans revise their 
ight of uncertain evidence, 
cess probabilistic informa- 
These principles are also embedded 
in other, related psychological work, such 
as optional stopping (Edwards, 1965; 
Rapoport & Burkheimer, 1971) and signal 
detection theory (Green & Swets, 1966). 
Their validity has been investigated to 
some degree in the latter case. (Green & 
Swets, 1966, pp. 101-107; Swets & Birdsall, 
1967; Ulehla, Canges, & Wackwitz, 1967; 
Ulehla, Halpern, & Cerf, 1968). 

GENERAL 


MODEL AND Con Join T- 
MEASUREMENT ANALYSIS 
From a psychological 
Assumption a in its weakest form is no 
more than a composition principle (Krantz 
& Tversky, 1971), That is, a rule specify- 
ing the manner in which the dimensions of 
a stimulus are combined by the subject. 
To make this point clear consider a set of 
data, D,, presented to the subject, following 
which he revises his opinion concerning 
two mutually exclusive and collectively 
exhaustive states. To facilitate the de- 
velopment, the states will be denoted X 
and Y, respectively, instead of H;. The 
likelihood ratio principle states that Da 
has two relevant dimensions, P(D,|X) 
and P(D,|Y). The subjective posterior 
odds are a monotonic function of the ratio 
of the subjective correlates of these di- 
mensions. The subject emits a response 
with at least ordinal properties, which 
itself is monotonically related to the 
posterior odds. Ww pes. an UR 
and indexing the X and , Pie pa y, 
Assumption 4 may be interpreted as 


1 (Dn) Xi) 
R(X Y| Da) = ‘| mes i 


point of view, 
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x 
where the left-hand member of Me. 
pression is the subject's gg seal n Pa 
X; rather than Y; given Dy. | ; repre 
m = 1, 2, are real valued functions | 

senting the subjective correlates is ir 
conditional probabilities, and. s To 
creasing in d, and decreasing in ?* 
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i un »cessary 
be completely general, it is "d cher 
Specify two functions, P; and d», s! cls 


e 
is no a priori reason to believe that ne i 
treat the two relevant dimensions 9 vill 
equivalently. In all that follows, -hood 
refer to that state about whose like | 


e ing, all 

the subject is explicitly responding; | 

will refer to the other. -aciple is 
Thus, the likelihood ratio pri :oint 


A sonjo 
equivalent to a multiplicative p 
measurement model, with the nu acto 
and denominator of the ratio a5 lica iv 
within the structure. If the multipin i l 
model is shown to be invalid, the dud jon 
must be rejected at least for that n— dr 
It is important to be clear concer i * int 
two factors in the model. Manif manih 
these two variables does not require of Bi 
ulation of the physical structure ues d 
Rather, for a given D,, the Mes 
P(,IX) and P(D,]Yj) are vanie as 
varying the X; and Y;. It may be aysi 
that the &,, are influenced by the Tpi at 
nature of the sample, but that is à mat d 
issue to be investigated given .0 
validity of Equation 2a is not reject vali 
Notice that, disallowing negativ? pti 
of the ®,,, Equation 2a is formally 1c 
to an additive model. That is, 


À 
R(X, Y;|D,) 
= &[$1(D,[X;) — pa (Dal YA) 


where ¢,, 
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sow 
je" o 
logb, m = 1, 2. In bic pe 
the close correspondence in uq af 
^ 
tween the o, and the P(D,[Hj, t gp 
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sumption of nonnegative 9o, seems "I 
able. The distinction between the a jd 
and multiplicati 
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cording to concerning N; and Y; A * 
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Multiply " Rignaske values of fa E 
the Sample. Tm the diagnostic value el 
dh i therefore i subjective posterior odd 
ay related (5 : response are monotonic- 
an equation, this product. Expressed 
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Where 
lued Eu), h=1, +++, n, are real 
wer o 5 i ES s 
ir lesen representing the subjec- 
ie trial, a € value of event E; on the 
ivialh.’ 224 f is increasing i = 
» the multipl ae te Ta. Thüs 
a multi ire ying principle is equiv- 
ode r Icative conjoint-measune- 
mL positions in the data 
actors and the E; as levels 
Ctors, 
mou D proposed a weighted 
the mon inference as an alterna- 
case of sian. This, of course, isa 
Ver, Eau a general additive model. 
Willen ee 3a could as well have 
Ry as an additive model. That is, 
e b- D,) 
m n) 
Where y Vin) 4 sse +on(En) [3b] 
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Aan ee This assumption 
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Hu e diagno meaning between the sub- 
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á Howey, Equation 1 
o er ne ^ « 
My is quite p ates theories would appear 
e. Uplicatiy ifferent psychologically from 
ti, tant que Re theories, and it is an im- 
t] "guis led = ms whether they can be dis- 
4 Answer pep ees It is argued that 
th And 2b End 3. in the case of Equations 
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lows from a multiplicative com- 
It is formally developed by 
(1971) and Krantz 
hat this is 
en the 


which fol 
position rule. 
Krantz and Tversky 
et al. (1971), who demonstrate t 
the only empirical distinction betwe 
two models. 

Sign dependen 
factors multiply 


ce holds if two or more 
and at least one of them 
can be divided into three subsets containing 
elements with positive, zero, and negative 
values, respectively. Then the rank orders 
induced on the responses by the levels of 
the other factor(s) given a positive ele- 
ment of the first will be reversed given a 
negative element, and made degenerate 
a zero element. 
en dependence in the data 
a multiplicative rather than 
The converse does not 
nt simply may not 


given 

Evidence of 
is diagnostic ol 
an additive model. 
hold, since the experime 
have employed a sufficiently wide range of 
f a factor to have included sub- 
f opposite signs or of zero. 
an additive model is sup- 
o is the corresponding 


levels 0 
jective values 0 
Thus, whenever 
he data, S 


ported by t 
model. 


multiplicative 

It is now further argued that in the 
t, sign dependence can never 
ly; therefore, it will 
reject Equations 2b 
tions 2a or 3a, re- 
spectively. d by Krantz and 
Tversky (1971) and Krantz et al. (1971) 
that sign dependence cannot be diagnosed 
unless at least any two of the positive, 
zero, or negative subsets are nonempty. 
Thus, if it is correct that Va and P, must 
be nonnegative for all 4 and m, then to ob- 
serve sign dependence, it is necessary that 
for at least one l, Ya = 0, and for at least 
one m, Pm = The effect of these values 
with a multiplicative process would be 
to induce a degenerate ordering over the 
dependent variable. However, very large 
scale values will have the same effect with 
an additive model. It follows, therefore, 
that although a degenerate ordering may 
lead one to suspect a multiplicative process 
(if the requisite scale values under an 
additive model seem unlikely), it cannot be 
considered criterial. Thus, the multiplica- 
an be distinguished from the additive 


present contex 


be diagnosed conclusive 


remain impossible to 
or 3b in favor of Equa 
It is maintaine 
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model only when at least the positive 
negative subsets are nonempty, whicl 
the present case will never occur. 

The immediate theoretical effect of this 
is that in the absence of additional as- 
sumptions, the question whether subjects 
behave as if they multiply or add the sub- 
jective diagnosticities of events is unanswer- 
able. Similarly, the question whe 
diagnostic values depend on r: 
ferences of subjective 
hoods is also unanswerable. Of course, 
different theoretical formulations may be 
more or less useful, depending on other 
considerations, but the “crucial experi- 
ment" will remain impossible, 

The multiplying principle, 
3b, is concerned with the relation between 
the subjective diagnosticities of events and 
of Samples, but it Says nothing about what 
gives rise to the diagnostic values in the 
first place, Conversely, the likelihood ratio 
principle, or Equation 2b, 
concerning the origins of 
values, but it does 
relations between th 


and 
tm 


ther these 
atios or dif- 
conditional likeli- 


or Equation 


is a statement 
the diagnostic 
not comment on the 


e diagnostic values of 
events and of samples. Each could be 


tested independently using an experimental 
design dictated Dy considerations of con- 
joint measurement. The two principles 
may be combined into a single model by 
considering each of Equations 2b and 3b 
for a sample consisting of one event E,. 
From this it follows that 


g, the terms on the right- 
be subser 


t er. Developments in the 
Ppendix to this Paper, however, obviate 
this. The logic whic! i 


n a second event is 
added to the sampl - to obtain a 
very general (and unwieldy) additive 
model. . 

Instead, it is useful to consi, 


der the Special 
case in which the sequence o 


f data consists 
of n replicates of the same event £. Using 


k now to index the number of replicates, 
nz, it is shown in the Appendix that Equa- 
ene 2b and 3b (or 2a and 3a) plus an 
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i x (EIX; — $«(E| Y) [5] 


: re- 
where $5(1,) is a real valued function icd 
senting the subjective value of n, rep creas- 
of the event E. The function gis bes Fy, 
ing in 3 and $n, and decreasing [ posi- 
Assumption e states that the enger a likeli- 
tion is independent of the conditiona 
hoods which occur at that position. sidered: 
Thus, in the special case being e er Wi 
the likelihood ratio principle toget a ptio? 
the multiplying principle and amg t 
are equivalent to a distributive follow" 
measurement model, with the ° facto 4 
three independent variables a (EI Yi 
Within the structure: P(E|Xà, Z del 9 
and ne If the distributive i i 
empirically valid, $; and p» can od 0 
uniquely up to linear tran Ann ü 0i 
$i = aó; +b and $» = abs — e rati 
and $; can be scaled uniquely up Ia 1). J 
transformation (Krantz et al., 19 ert i 
the model 


wl i 
diagnostic 
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only ordinal aspects of the data (Rr Mr / 
Tversky, 1971; Krantz et al., 1971). funt 
other evaluation more in the spirit 70) a 
tional measurement (Anderson, 197 nd! 
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B i j i »=2 
Spinner m= | ái | 
k Ww — 9-4 
GA 7-3 EDT 9-4 6-4 | | Se Eu 
Estimate group um 
E^ iE 4.68 
| 2so | 3.68 1 
67 1.80 2.50 | 3.06 2.83 : 67 
a 12) 2.34 | 2.74 | 3.97 We D XO DU sun 
3-8 3.13 | 338 | 346 | 438 470 | 662 | iiao 
9 480 | 407 | $64 | 715 8093 | 9.6 a 
Accuracy ratio of . 2| 4 
Ec | 126 1.08 .896 895 913 |  .865 08 
| Line group m 
3 " a 6.08 
5.35 30 
1.82 2,40 3.33 2.48 3.54 E 6.3 
n 2.31 3.06 | 3.02 3.91 490° | $35 | un 
2-8 411 | 388 | 4.12 517 | 571 6.09 | 90.09 
1-9 5.5 | 6.18 744. | 12.722. | 17.08. | 11:50 d 
Accuracy ratio of 2 d 
à pend antey 1.48 1.32 914 .913 1.12 .938 65 d 
| | ane * 
ch í— ——————————— & 2 shen 
Note. Entries other than accuracy ratios are the values x representing the odds x:1 in favor of the column spinner W 
with that along the row. d 
je! 
em : rform ^, 
stead of one. However, whenever the two events odds. The main analyses were pe! put 
included one green and one silver, the subject was on individual subject's responsen raw 
given this information, Just as on all trials, but AM á 3 ; of the, on 
these responses were not analyzed. Note that the Table 2 is a useful summary si 
particular cell in which a response 


is entered de- 


pends on a random event; therefore, the number of 


entries per cell will not necessarily be equal. 
Subjects’ responses were discarded 
rated the mathematically m 
as less likely. This w 
correspondence betwe 2 
P(E|Xi) and P(E|Y;), respectively, Only 1.2% 
of the responses destined for the D XN Xn 
matrix fell in this category, and of these, all the 
responses but two were from subjects for whom 
subsequent analyses tended to reject the model. 
Subjects. "There were six male subjects per group, 
all University of Michigan undergraduates paid 
$1.75 per hour, each run individually for two sessions 
of about 90 minutes apiece, first session in- 
cluded a practice blo: 
problem 


when they 
ore likely alternative 
as necessary to maintain the 
en the dm, m = 1, 2, and the 


, once 
with one event and Once with two. This was 
followed by four similar blocks for data. Session 2 
consisted of six experimental blocks, m 


aking a total 


of 200 experimental trials, 20 of cach problem, half 


with one event and half with two. 
Results and Discussion 


Table 2 shows the group means of the 
transformed estimates, converted back to 


arl 
$ -omp? 
data and serves to provide a comp 


: 3 " 
with other studies. o! 


It is pe jn: 
that on the average the subjects Wt a 
creasingly conservative as mk hee 
from 1 to 2, and as L increased, th 
duplicating the essential findings of © wi 
Additionally, subjects in the line Ld aut 
consistently more extreme than those i 
estimate group, as also reporte 
Lathrop, Jones, and Keiser (1969). ese 
in terms of these gross measures, the P™ ce 


x are compatible with the liter? af 
Turning now : 


analyses for indi 


These are given in Table 2 


s co, 

venient to qi vidua] subjects, it ! al 
3 Scuss and e 

ficient condition [M a necessary a od 


LED MNSAR, 
e distributive P? 


PROBABILISTIC [INFORMATION PROCE 


before di 
l "gei 
iod. dod trm which are only 

y. acilitate this le i 
(Xi, Yi, n4) UU 

= $3 (nx) [p 2| X 

MEX) — eE|Y 

Ty ) —ex«(E|Y2] [6 
. en the distributive P 


'S satisfied ; 
Ge uU if 


; model (Equation 5 
re dei if there aes 
Such that for all 7, j, k ^ 

Ry. v all £; J;. 5. 

Ai, Y;|ln,E 

ex, 4E) > Rn Viel) iff 

in) > eX. Y; 

La i Y js e) 
R X: V 

X; Y;\,E) 


X, Y, ng) = 


I 


R(Xv, Yp |e) iff 
Although ~ E 
"s a. 7 is easily expressed, 
mee Obed for i not trivial. One method, 
dels is 1, any of the simple polynomial 

ë Wie in the present case on 
is te = 1, 2, 3, f minimize 


Searchin 


Y TR, y, 
Yims) — (X, Ypa), [8] 


Where 


Ry 
Re we m) = R(X, Yr, me) iff 
lor aj ; ilmE) = R (Xi, Yy ne E) 

l} 1,3, k 
m notonic a li other words, R is a weak 
ect of mi ransformation of R, and the 
OA a E Expression 8 is to use 
3 Tanner si procedure on ordinal data 
"skal oy T to that developed by 
on not NN 
meee ie A constraints were imposed 
cally rel nat 15 $i was weakly mono- 
Sk a o PER rs But 
to pegs a none of the $m were 
ü vers: shape nor to any relation 

t le s 
m : Zoo QUUD for Expression 8 is found 
the Sach par the terms being Summe 
; Since they are squares and, 


me 


R $ Ore, no 
(at 9, for "re cro In that case, 
i, j, k, and 0, perforce, i$ 


Rast Weakly 
is a kv) mongronitally related to 
S. Wisden "A question, however, 
si a allsten. An ins 
e es ee t 
“Da af oral models (tentative title), In 
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isfied, since the 


whether Condition 7 is sat 
te one in which 


solution may be a degenera 
(X5, Ys, m) = (Xy, Yi» ng), 

for many i, j, k- 
Alternatively, 
greater than zero, 
tonicity between 0 


the minimum may be 
in which case mono- 
and R is certainly not 
An appropriate (but not very 
statistic in either case is Kendall’s 
aluate the rank-order cor- 


perfect. 
powerful) 
tau (7) to ev 
relation between 8and R. 
Strictly speaking, the present analysis 
did not minimize Expression 8, since the 
computer was programmed to stop search- 
ing the parameter space when a complete 
pass through all the Ror all the 0 decreased 
The effects of 


the sum by less than .01 

this are unknown, but probably negligible. 
The results of the minimization analyses 

are displayed, separately for each subject, 

in Table 3 and Figure 2. The scales, $1 

are graphed as a function © 


and 6$» 

log P(E X) and log P(E|Y5 respectively. 

These are interval scales sharing two 
between them an 


degrees of freedom 
allowing two values, 


¢:(E| Xa) = logP(ElX1) = — 5108 


and 

pE = logP (E| Y) = 
are circled in 
(ng) are shown 
Since ¢s is à 


— .9163, 


to be set. These values 
) The values for ós 


Figure 2. 
in column 4 of the table. 


TABLE 3 
AwaLYsIS BASED ON 


RESULTS OF MINIMIZATIO N 
CELL MEANS 
Subject T op agree | $100) | Slope N | Slope D 
Hae E 
1E .750 87.5 1.56 | 1.11 607 
2E .630 81.5 1.16 167 439 
3E 134 86.7 1.58 | 1.36 .956 
4E 817 90.9 1.74 1.58 911 
5E .855 92.8 1.75 | 145 613 
6E .589 79.5 1.43 | 1.18 406 
IL | 601 80.0 1.46 824 
2L 794 89.7 | 1.14 .998 
3L | 1810 | 905 | 1.23 822 
aL | -593 | 79.7 | | 948 322 
5L "786 | 89.3 | 123 456 
6L | ‘786 | 893 | | 996 | “604 
1 — 
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and the dashed c 


ratio Scale, one value could be fixed, 
it was $3(01) = 140: 


Kendall’s 7 calcula 
Or each subject is sl 
The 


and 


^ relation 
between the rank orders of 9 and R can be 
rejected in each case (p< .001). But 


clearly, this does not 
tributive model 


i he stimulus dimensions, 
cessing of t us dimens 
Alkon gh it appears as if a likelihood 
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-3.00 -2.00 -1.00 


BAYESIAN VALUES 
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and D elements differ by 
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NE Ne CEE alysis; 
from the minimization analysi 


«ae aL 
ratio test is called for, no senos d 
tive model has yet been proposec- 
importantly, it is not apparent ” 
calculate the maximum probability 
taining a cer 
ticular model. 


different tack was pursued | 
volving a transformation of 7. 
Ing 0 and R e. 


arin 

ach to induce an order a 

the 32 elements jy the D x N x nr“ 
one may perf 


orm pair 


measure of 
sets. 


how 


a 
: iven í 
tain value of r give 


(Not 
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as * 
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a factor of 5. The solid curves show ? 
urves show és asa function of log P(E| Y;).) 
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Centa e " 
Coloni 31 Rgreement, which is shown in 
Quite high A ou 3. These are generally 
© lor fou appear to cluster around 
4L (where wt Subjects, 2E, 6E, 1L : 
ine group) E — estimate qune and ics 
might » es 90% for the vihers. This 
€ a © H rx 
g Cem E evidence to reject the 
‘ here £h. "OU subjects. It may be 
Whose re that these are the subjec 
ed esponses ori he su jjpcts 
TI lematica]]y ccasionally favored the 
à ere Y less likely alternative 
EL eight such res st don 
2E. three. fo A responses for 
4L. (Sul r 6E, four for 1L, and 
ih ae ects 4E and 2L also 
Clore on ponse apiece.) 
; d Model's Nes into possible causes of 
b: rUctive alee in the four cases, it is 
yeticularly D. look at the scale values, 
TRAC that in with the remaining subjects. 
ident the ER case, $a (12) is less than 2. 
than tical ie of two formally 
ides of one, b Ri ag rably less than 
li cing of inc us is consistent. with the 
thee’ samples reagen conservatism with 
l fer vs data, and indicates that 
th © basic ths omenon is due to factors 
the Psychological process bias. However, 
fu; resent f cal processes responsible for 
ther < finding are not apparent, and 


ler 
Co, investirati : 
Yer them estigation is necessary to un- 


Nine for 
i 
ad One gy 


> 
BC SOW 
Pig re jock at the plots o 
m x yis general slope 
D the pl of $» in all cases. 
gut Doses g are linear, but for descriptive 
to right ie slopes of the best-fitting 
an umns EE are shown in the last two 
to Unique able 3. Since the two scales 
es fant ee to a common multiplicative 
t und he ratio of the two slopes I$ COn- 
lih dea] S permissible transformations. 
Scal ds E ae of the conditional like- 
for es, Ak js identical slopes for the two 
my, Ehe enis three explanations exist 
dee ty be be ge none of which can 
inherent] X resa: One is that sub- 
rom u yoo likelihood ratios 
E ed às an pe This might be inter- 
that i aversion toward uncertainty, 
uld appear to be at vari 
the values for ġs (2) at variance 
not] . aa eR 
her interpretation is that equjeets 


f ġı and $» in 
of $1 is greater 


an th 
Obviously not 


With 


255 


D 
PROBABILISTIC [INFORMATION PROCESSING 


have an attention bias, causing them to 
ht one dimension relatively heavier 
Thus, they may have at- 


the numerator 


weig 
than another. 
tended more strongly to 
because it was associated with the spinner 
which was more likely correct. Factors, 
such as payoffs, could be imposed on the 


task to shift the bias. 

A third explanation is th 
tial slopes artifactually resulted from the 
alues on the abcissa. One form 
t assume is that sub- 
lifferences instead of 
ratios of conditional probabilities and, 
therefore, the scale values should have been 
plotted as a function of P(E] -) instead of 
log P(E|-). However, the effect of this 
would be to render the $» slope greater 
than the $i slope in all cases, thus shifting 
the focus of the problem, but not eliminat- 
ing it. 

Another forn 
conditional likelihoods 
subjects, and any inte 
them is meaningless. 
ible, but seems unlike 
The conditional likelihoods were 

numbers; they were 
cal characteristic of the 
areas, to which 
ponded appro- 


at the differen- 


particular vi 
this argument. migh 
jects were taking d 


1 of the argument is that the 
are irrelevant to the 
rpretation based on 
This, of course, is 
poss ly in the present 
case. 
not just abstract 
measures of a physi 
stimuli, that is, relative 
most of the subjects res 
priately atan ordinal level. 
The necessary axioms are formally pre- 
sented and their diagnostic potential com- 
pletely discussed in Krantz and Tversky 
(1971). They will be informally introduced 
here without proof, but they all follow 
ns of Equation 


from appropriate applicatio 
5. Whereas the minimization analysis 


was performed on cell means, the axiom 
analyses were performed on rank orders 
obtained by using the Mann-Whitney U 
test to compare each cell with each of the 
others. Thus, the error theories incorpor- 
ated in the two analyses were different. 
The distributive model contains an addi- 
tive component, which entails the two 
necessary conditions of independence and 
double cancellation. These were evaluated 
separately within each of the 7; planes of 
Figure 1. Independence implies that the 
effect of the column variables, N, on the 
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TABLE 4 


r sey U Tests 
UsixG Ranks Basen ox Maxs-Wuirrxky U I 


Distributive 
Additive 7 
—= ais É m=? | cv 
Subject m-! E » A ew x Din | 
| WND W:D:N cv IND W:D;N 1 cy E ui 
1.00 0 EI 1.00 0 | 00) 
925 0 -592 (ns) 925 0 | 0 
1.00 0 .814 1.00 0 | 0 
-900 0 .825 939 0 0 8) 
1.00 | 0 .825 615 0 fxs | 0 
(ns) AM Gs) 6 .825 675 0 | NS, 
5 7 | | 0 
7 5 0 
(ns .825 0 .625 678 | 
5 (us) | .925 0 -481 (ns) 850 0 | 22 | p 
(ns) 814 0 100 | 981 0 033 (us) f 
(us) | .813 9 327 (us) | .639 (ns) 4 | 233 b 
5L 50 | 1.00 0 | 675 712 0 617 
6L | 096 (us) | 1.00 0 | 1853 | .968 | 0 6 gu 
Note.—Correlations not significantly 


cell entries is independe 
the row variables, D 
Thus, for example, 
D, the rank order of 


nt of the level of 
; and vice versa. 
if N is independent of 
the cells over the four 
levels of N is the Same at P(E|Y)) asit is at 
P(E|Y2), etc. This was checked by using 
Kendall's coefficient of concordance, W, to 
determine the correlation of rank orders 
within rows and within columns, respec- 
tively. The results in the former case, 
testing whether N is independent of D, are 
shown in columns 2 and 5 of Table 4, each 
labeled W: N; D. The results in the latter 
Case, testing whether D is independent of 
N, are shown in columns 3 and 6 of the 
table. 


Double cancellation c 
many as all of the sixteer 
each plane, and 
lower left corner 
1. If the rank 
indicated by 
ordering show 


an be tested in as 
13 X 3 matrices of 
is illustrated within the 
of the left plane of F 
ordering of responses is as 
the single arrows, then the 
n by the double arrows must 
be observed. The number of violations 
within each plane out of 16 tests is given in 
columns 4 and 7 of Table 4, 

The other necessary conditions for the 
distributive model, which are subject to 
empirical verification, are joint independ- 
ence, distributive cancellation, and joint 
sign dependence. The first kd mig 
tested across the n, matrices o igure 1, 


igure 


different from zero marked n 


(Pp > 05), CV = cancellation violations: 


at 

: iae the 

Joint independence ance on 
joint effect of the N x D vari leve 

the le ju 


whic 


cl 
The Fus 


A i 
perfect for four others, 1E, gii ri 
3L; and for one subject, 6E, "ere 
Were in one direction and 5 W 
other. 

Distributive cancellation P 
all pairs formed by taking a 2 e 
from each of the N x D plan t 
illustrated in Figure 1 and shonn di 
diagonal of one minor dominates 2 n c 
of the other, the reverse dominatio, 
hold. The number of violations : 
in the last column of Table 4. It en 
on 1,296 tests except where pt. i 
appear, containing the number 0 vere T 
Which the antecedent conditions W p ib 
met and, therefore, no test was p an 

Joint sign dependence is define® at 


: c t 
logously to sign dependence, excep 
single fac 


n 
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PX or >| 
Ni or P(E|Y;) equaled 


zero, d 
s degenera 
bserved ate orderings would have been 


Recs 

call 

ee du mos, : 

nalysis Wasinta that the minimization 
rS erpreted to reject the model 


ubjects 2T 
Jects 2E, GE, 1L, and 4L. It is 


appa 

rent f 

n ron NE: 

lode] w 1 the axiom analyses that the 


as totally i 
d ally inadequate for Subjects 


an 
do b ‘Bat 
uble ülures of i 
S jle eneel tan ci independence and 
3 rat show i i i 
failure Pato principle W that the likeli- 
1 was violated, and 


tha of joint į 

at a Joint è 

Drin „Ether or i a a demonstrate 
ciple or i oth of the multiplying 

he appears: v unmption e Was in error i E 
We P E Subj ! 

mot ever, ves hat Subjects 2E and 1 

M LP I n only the likelihood ratio 

Feary ios "um e diagnosticities 

= s multiplie 
A ess of how ultiplied, or summed, 
k w they arose in the first 


> axi ? 
for E analyses yield the same 
Subjects 2L, 3L, and 6L 


lom 
the 
i y model orisi 
to i, xlel originally was not 
rate : 'ses i 
urt different error aged 
error theories and, 


the 
With ATY 

i4 Y» especially, i 

lé: 8 DF orga it may be argued, 

is Pe eae Ik analysis. Neverthe- 

t PUB ne which conclusions to 

that alyses B y be added that when all 

"ree 
agree, that strongly suggests 


point of rejection is 


the ih 


err Ne " 
[9] psyc . 
Uth ychological rather than the 


cory i 
Nem 1$ responsible. 
b. Case eut of the dilemma in the 
likey; » and "i to assume that Subjects 
be - "00d rati did not, in fact, violate the 
a een-cel] i: f principle. Rather, the 
rap En row EPIGDHEES of the entries in 
Wh ings occu as so small that inversions in 
th reas in niai as a matter of chance, 
Va Poe gia Subjects 2E and 1L, 
tain bility, P. spite of large between-cell 
id 3y mM support for this 15 ob- 
mo? Of the Ae at the standard devia- 
means Where cell entries about their row 
the 208 as th independence failed. Using 

Ss a n entries (since they, like 
de, nce), th ete U, are insensitive to 
f lation e mean of the four standard 
"EA s for the rows was .214 and .302 
, respectively. 1t 


ne 


Dri 
ay sent 


Subjects 2E and 1L 
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was .043 and .093 for the z1 and z planes 
2L, .093 for Subject 6L, but 
Similar results ob- 
eans 


of Subject 
216 for Subject 8L. 
tained when the calcul 
rather than. medians. 
certain. whether the 


ations were on M 
Thus, it is still un- 
model failed for Sub- 
ject 3L. 
CoxcLUDING REMARKS 
The experiment was illustrative on a num- 
Not the least of these is the 
the absence of an explicit 
conjoint-measurement 
did lead to some firm conclusions, 
in regard to the m- Doubt 
s has been expressed. by 
Nevertheless, it is also 


ber of points. 
fact that despite 
error theory, the 
technique 
particularly 
along these line 


Zinnes (1969). 

true that had an error theory been avail- 

able, even more might have been inferred 
Thus, referring back to 


from the results. 

Table 4, it was possible to reject the axioms 
in some cases, but strictly speaking they 
can be accepted only if the rank correla- 
tions are perfect or there are zero cancella- 
tion violations. Similarly, the necessary 
and sufficient Condition 7 is satisfied only 
when 7 = 1.0. Thus, for example, & 
statistical question of interest concerns 
rank correlation is significantly 
Of course, the problem 
but not to accept, 
assical hypothesis 


when a 
different from 1.0. 
of being able to reject, 
a model is a feature of cl 
testing. 

The results of the 
summarized as follows. 
not rejected for eight subjects, and failed 
for four in specific ways. Two subjects 
(2E and 1L) combined the diagnosticities 
of the events in an additive or multiplica- 
tive fashion, but violated the likelihood 
ratio principle. "The behavior of two other 
subjects (6E and 4L) was completely 


unexplained. 

However, 
d, two interesting 
ilues emerged. 
an 2 in all case 
ted to imply t 
ence did not carry 
The relation between the 
e Figure 2) was inter- 
the conditional 


experiment may be 
The model was 


when the model was not re- 
facts concerning the 
The fact that bs 12) 
swhen bs G1) = 1 
hat two pieces o 
twice the 


jecte 
scale vé 
was less th 
was interpre 
identical evid 
weight of one. 
$1 and ¢2 slopes (se 
preted to indicate that 
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probabilities of the events were differen- 

tially processed by the subjects, depending 

on whether they were conditional on the 

more or less likely spinner. 

There were no apparent effects of re- 
sponse method on the validity of the model 
or on the scale values, despite the overall 
mean differences between the response 
magnitudes (cf. Table 2). It must be 
emphasized that the conclusions which were 
drawn from the experiment depended only 
on ordinal data. Thus, it was unnecessary 
to make any stronger a priori assumptions 
concerning the subjects’ responses. It is 
apparent that the present approach, as 
illustrated in the experiment, has the 
advantage of testing the primary assump- 
tions and eliminating the need for most 
auxiliary ones, but moreover it has pro- 
vided a framework within which 
theoretical questions may 
focus of interest is shifted 
broadly formulated probl 
ception, misaggregation 
to specific ones concern 
determinants of compo 
scale values. As is often the case, the 
question is not whether the model is cor- 
rect in an absolute sense, but what are the 
conditions under which it holds (see e.g., 
Rapoport & Wallsten, 1972). The present 
experiment indicates that a more general 
theory is required which will predict when 
and how the model will fail and what 


relations will among the 
values. 


precise 
Thus, the 
from the rather 
ems of misper- 
, and response bias, 
ing the nature and 
sition rules and of 


arise. 


emerge scale 

It is of interest to ex 
theoretical notions of n 
aggregation 


amine the current 
nisperception, mis- 
ag » and response bias in terms of 
e present development. Considering the 
leve s of uniqueness of the Pm, m 
it 1S Impossible at this stage 
true values” of log sub 
odds; the scaled y 
to multiplication 

In the absence of 
sumptions, que 
meaningful only if their 
depend on scaling to 
uniqueness. Thus, for 
point of view, one 
subject’s responses a 
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. " . v. tion 
to his posterior odds, as one interpreta 


5 SES ‘ould | 
of DuCharme's (1970) position M. 
suggest, but not whether the two 
identical. 


Misperception and miaggreganon ars 
not so simply treated. It is the uiid 
feeling that the terms do not corresp de- | 
precisely to anything in the presen. a | 
velopment. However, one might ae 
questions of aggregation with those iom 
cerning the composition rule and ques 
about perception with those concert a 
scale values. If that were done, the ter a$ 
would not be equally fundamental, "^ | 
they are presently in the literature, nent 
in the spirit of conjoint measure 
scale values may be determined t 
à composition rule has been validated. del, 
Bayes’ rule, as a psychological mioa 
may be derived from Equation 5, or rH 
generally, Equations 2b and 3b. - | 
turn, is the normative model for me, the 
under consideration. It appears tha yg” | 
constructs of misperception and or r3 
gation are meaningful only when Hes is 
mative model is considered, or anot jd 
evaluated against it. However, e ud 
response bias, the questions which m cls 
asked of the data are limited by the for’ 
of uniqueness of the scales. 1 kes are 
one may not ask whether scale vult of 
"correct," without additional theo 
assumption. caw OE 
Thus, the current problems bein wed 
cussed in the literature may be d che 
as a subset of those which follow fro ni 
present development. Certainly we o” | 
was presented in this paper does nO inf E 
stitute a complete theory of human dat” 
ence on the basis of probabilistic g de 
However, as the present experimen” ou 
monstrates, it does provide a ng ay 
framework within which such a theory ip” 
unfold with a minimum number of ass" er 
tions. Work is Presently planned or o 
way to evaluate the hypotheses MG cg 
grew out of the Xperiment, to extend t'e 
methods to tasks jy Which the alter 
hypotheses are y 


than binomial q 
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APPENDIX 


Limiting consideration to samples containing 
ną replicates of E, using the notation n, E 
instead of Dn, and making Assumption e, that 
the effect of position on an event's diagnos- 
ticity is independent of the P(E| Xi) and 
P(E| Y,) occurring at that position and identical 
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on both dimensions, the following theorem is 
proved: 
Theorem 
The model 
RS Y;|nxE) = gips) [oi (E| Xi) 


—$2(E| Yj) ]} 
holds if and only if 


(a) R(X; Y;|n;E) 
= g[$1(n4E| X;) — Qs (iE |Y 5), 

(b R(X; Yj|n,E) 
= g[VA(E) + --- +n, (E)], 


(c) Assumption e holds. 
Proof 
It is shown first that th 


a, b, and c. Applying a 
first event of the sampl 


e model follows from 
and b when only the 
€ has occurred. yields 
W(E) = óun(E|X)) — $a(E|Yj), [A1] 
Where the second subscri 
Sequence position numl 
Appl 
in th 


pt on both $,, denotes 
der, Jr. 


ying a and b again for a second event 
€ sample, that is, when nk = 2, yields 


VA(E) + (E) = $QE|X;) — HEJ Y). 
Substituting from E 


quation A1 
ing terms: 


and rearrang- 
P(E) = [$1(2E| X) — éu(E[X;)] 
— [e» (2E | Y) — $n(E|Y )]. 


ALLSTEN 


The terms within the brackets may be b 
sidered as $is(E| N;) and ss (EN Dr es j 
tively. Combining this with Equation + 
yields 


WE) + V4(E) = ón(E[X;) + dE, 
= én(E|VYj) — ós(E]Y3. 


: . nt leading 

It is evident from the pen pal seid 
to Equation A2, that a and b imply the 8 
additive model for all ny. 


R(X: YilmeE) = g[én(E|N) — 
HHn (E| Xi) — a (EJ Y) Sa 
— bon. (EL Y9] 


, E| X? 
Without loss of generality, let puy 
= abu (E| Xi) and $4, (E| Y;) = Biha ing Gi 
for all h, with ay =p, = 1. Inv ing in 
an = By, for h = 1, +++, ng Substitut 
Equation A3 and rearranging, 


f [AJ 


R(X, Yj|iyE) = {ll pap T an, 4) 
X [ón(E| X) — pa (E] V3 


cing 
The distributive model follows ! by An 4 
$300) — 1-Ea -H Qng in aen nce 
and by dropping the subscripts for qe com" 
position, h, from the $,,4.. The proof reverse 
pleted by working through the steps 1n lied by 


ap 
order to show that a, b, and c are im 
{ 
y 
| 


the model. 
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The fai 
ailure of chi-square independe 


tionshi 
E ent retrieval of A-B and A-C ass 
does i Eg x 
correlation rie not imply that the associations are 1 
ie betw cen B and C recall predicted by ir 
y a positive correlation due to differences 


free re 


ma 

or to diati wd 

poe SS. Evidence for the e 

2 , d experiments is reviewed. 

a are test is not a sat 

E bea not a satis 
pendence) of associations. 


Gre 

dng ten (1969) 
~ “Wn some 
Sions f 


mos Hec Martin (1971) have 
rom what Ment theoretical conclu- 
= hdént ret a sun. calls the **DaPolito 
, enomenon si rieval phenomenon." The 
arning of is as follows: Following the 
an A-B, eee paired-associate lists having 
^ Modified-n relationship, subjects are given 
st—an u iodified free recall. (MMFR) 
‘tem is p Npaced recall test in which each A 
“espor Presented and the subject attempts to 


; nd wit 
"ch si h both the B and C responses. 
2 


Witmer item is then tallied in a 2 X 2 
first tigt y table, according to whether the 
Whether tees was recalled (B vs. B) and 

T the second-list response Was recalled 
ts on frequencies ob- 


in thi E : 
this manner in a number of experi- 
nt in failing to 


o essct. consiste 0 
D pean relationship between Band C 
aPolito, 1966; Greeno, 1969; Martin, 
It has been concluded that the exist- 
ral 2 A-C association does not affect 
associ A-B, and vice versa; that Is, that 
clusion X aa are independent. The con- 
hypothes important because 1t contradicts two 
interf, es that have been made in the context 
tions ae ee theory: (a) that A-B assocta- 
and are unlearned during A-C acquisition, 
Affects x that specific response competition 
E MMFR performance. The conclusion 


depo 


Chi-square tes 


RC: aeaa 

s BEL 1 " 
Stated SELON are independent has been 
(197 specially emphatically by Martin 
w that the 


3 Howev i i 

Conclusion ge ever, this paper will sho 

ing epende daas not follow from the chi-square 
nce tests presented in its support. 


1 
Req 
"Eo ]uests for reprints should be si 
sity lintzman, Department of ean to eugi 
of Oregon, Eugene, Oregon 97403. ogy, Univer- 


nce tests to demonstrate 


‘A correlational analy 


actory method of est 


a significant rela- 
ciations in modified-modified 
ndependent. The negative 
nterference theory may be 
among subjects and items, 
founding factors in 
is such as the chi- 
ablishing the independence (or 


ence of these con 


The interference hypothesis appears to pre- 
dict a negative relationship between recall of 
Band C. That is, that P(B]C) € P(B) and 
P(C|B) € P(C), or stated in terms of entries 
2 X 2 table, that the BC and BC cell 
should be higher than expected by 
This is the dependence that the 
chi-square independence tests have failed to 
uncover. This evidence, however, is correla- 
tional, and a zero correlation no more implies 
the absence of a causal relationship than a non- 
zero correlation implies its presence. In fact 
it is quite possible in this case that the expected 
negative correlation is being masked by factors 
which tend to produce a positive correlation 
between B and C recall. 

The most serious problem is that the pro- 
cedure just outlined pools data over subjects 
and stimulus terms. Thus, quite apart from 
any theoretical prediction, one should expect 
to find a positive relationship between recall 
of B and C. Good subjects will tend to recall 
both B and C while poor subjects will recall 
neither, and easily encoded stimuli will tend 
to elicit both responses while hard to encode 
stimuli will not. Other factors being absent, 


then, subject and item differences dictate that 
the BC and BC cells of the table should contain 


the high frequencies. 
The fact that subje 


in the 
frequenci 
“chance.” 


ct and item differences 


can be expected to produce an effect opposed to 


at of interference appears to have escaped 


th 
He deals with subject 


Martin’s (1971) notice. 
differences by saying: 

uares may be illegiti- 
n 2 X2 table each 
one cell. Thus, the 
tion that underlies 


Strictly speaking, such chi 
inasmuch as for a & 
buted to more than 
ervations assump! 


mate, er 
subject contri 
independent-obs' 
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TABLE 1 


MMEFR PERFORMANCE OF HYPOTHETICAL SUBJECTS 
or HIGH, MEDIUM, AND Low ABILITY 


] 


Highs | 


Medium | Lowe 

Re- » a 
sponse pP— : = 
sponse " c " | c | c T 
B 6 2 2 3 0 2 
B 2 0 3 2 2 6 


the chi-square test was violated to the 
there was an interaction between subjects and items 
in the experiment. But such a violation can only 
inflate chi-square [p. 318]. 


extent that 


The final sentence is untrue. 
illustrated with an example involving subject 
differences; however the problem is much more 
general than a simple violation of the inde- 
pendent-observations assumption. It would 
be present even if each subject contributed 
only one observation to the table and even if 
all subjects were e ntially the same, since 


there are other likely sources of positive 
correlation. 


This will be 


For convenience, the example 
lists are 10 items long and th 
into three distinct 
medium, and low, 
MMFR performance 
type of subject. Note 
each type of subject 


assumes that 
at subjects fall 
ategories: high, 
Table 1 illustrates the 

of each hypothetical 
that the performance of 
conforms to the inter- 
ference hypothesis, in that cells BC and BC 
contain frequencies higher than expected by 
chance. Now, assume that there are 100 sub- 
jects in all: 25 of high, 50 of medium, and 25 
of low ability. Taken Separately, chi-squares 
computed on frequencies of each of these three 
groups are highly significant (15.6, 20.0, and 
15.6, respectively), reflecting. the effect of 
"interference." However, if the response of 
all 100 subjects are now included j 


2 X 2 table, each cell entry will 
250, and chi-square will 
correlation betwe uced by 
subject differences completely masks the 
negative correlation due 

tice that this effect is ne 


ability c 


f we were to 
assume only one observation Per subject and 


multiply the number of subjects of each type 
by 10, all the frequencies and the obtained 
chi-squares would be unchanged. 


THEORETICAL NOTES 


One might object that the ability ae 
assumed in Table 1 are extreme. SUE Kis 
serve to illustrate the general point, an bject 
present argument does not rest on ane 
differences alone. Differences in item Jiffer- 
culty could be substituted for subject di In 
ences in the table with the same arte be- 
general, any source of positive correlati e 
tween recall of B and C will tend to coun ce, in 
the effect of interference, A third sats d 
addition to subject and item differences, oe 
volves the use of List 1 associations to me 
List 2 learning, :ng factors 

The existence of these gogfauidine a e 
is not just conjecture. There is evid “experi 
their presence in several A-B, A-C 69) an 
ments, including some that Greeno go evi- 
Martin (1971) have cited as providing 
dence for independent retrieval. 


Subject Differences 


roup 


ne B ; within a f°; 
Differences among subjects withir nti 


are sometimes assumed to be Incense alt 
because a single estimate of a paracin to at 
in a stochastic model enables the moce 

the variance, as well as the mean of the €! 


t, 

ela 
rr 1 
n 


ted 


irec 
MMFR are likely to be Se that 
sally t 
subject differences contribute substantia pe 
a positive relationship between B and Hd 1y 
MMFR test. Further, it cannot be sei e sed 
claimed that subject differences are mun anten 
by the acquisition criterion the experi 
adopts. For one thing, the studies cite wert 
Martin (1971) as showing independence s d 
not consistent in their use of a practici d 
a performance criterion, and several even ist 
one criterion for List 1 and another for 
For another, even if the learning critt tee 
zed, there would be no guar? on 
earning” had really pe 
equated (cf, Underwood, 1964). Indeed; d 


en learning criterion aan 
e quite complex. Post [5 
report that when List 


Ppears to b 
tark (1965) 


l 
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lea 
rned to 
; 0 mast 
stery, slow 
os better th v, slow learners recall. the 
ET hat would be 
S Were given 


an fast learner: 
"Wa le arners—the opposite 
ained if a fixed number of 


Item Differe 


ances 


EPONA iis ace identical, the rates 
ee, a s p iations are learned 
dase: Gav iply because of differ- 
he ly mE LUN the stimuli can 
an ng Power, rere I Teaningfulne ss, image- 
the € list are al | similarity to other stimuli 
Ae h an atten "Y ops factors here, and even 
i mul on m t is usually made to equate 
"actions al po dimensions, subject-item 
inge ly study peus bound to be present. In 
th Pendent oe ited as showing evidence for 
A learning Daal Runquist (1957) noted 
4 Pairs dies 5 of corresponding A-B and 
a oe but dismissed the 

rin recall. Positive rela- 


Sts - 
i that when pepe R. Their Figure 3 
Perfo, Ng to diff pairs were rank ordered 
hance on | culty in learning, MMFR 
estis ly related oth B and C responses was 
Cong: ly, w hen i to the A-B ranking. Inter- 
, ch Item differences were taken into 


in, Side; 
ing, derati 
Erfe On in Pa k 
Olen ence en this way, some evidence for 
nerged: under low degrees 


arr 
and pong, tl 
P b) eae P(BIC) < P(B) 
Drop, ed despite 9 were observed. This 
Select “ities Ppl he fact that the conditional 
XDect, Ne better s IC) and P(C|B) tend to 
for a *d to exe subjects, and so might well be 
trul Siven Werde the unconditional values if, 
sendan the two associations Were 


Mep: 
Ediation 


A , 
tive, third n 
tenet B aud c Hal source of correlation be- 
Usin S by Edad in MMFR involves at- 
ext d aaeocintiony s to mediate List 2 learning 
"s ent that tl ous acquired in List 1. To the 
eke be ex these attempts are suc sful, they 
Ship, se pens to affect a positive relation- 
D Rd. ed d mediation in the 
a aradigm has bee ^s 

Dill and D'avdrea (1905), Martin and 
n (1966), and Palermo (1962). oY 


An obvious question, in light of these rea- 
sons for expecting à positive correlation be- 
tween B and C performance, is why the chi- 
been in such consistent 
nt with the null hypothesis of inde- 
It is tempting to conclude that the 
lationship is being masked by à 
as would be produced by inter- 
A-B and A-C associations. 
Thus, one could turn Martin's (1971) argument 
around and claim that the “independent re- 
trieval phenomenon” is evidence for, rather 
than against, interference. This argument, 
however, rests on the same correlational evi- 
dence as Martin's and is suspect for the same 
Only the most tentative conclusion 
can be drawn from an analysis that fails to 
take into account such gross sources of selec- 
wiability among subjects and 


square tests have 
agreeme 
pendence. 

positive re 
negative one, 
ference between the 


reasons. 


tive bias as Và 
items. 

Is the retrievability o 
dependent of the existence 
way to answer this question is 
mentally manipulate the existence of A-C, 
rather than trying to infer its existence from 
the subject's performance. In the Wichawut 
and Martin (1971) experiment, 25% of the 
List 1 stimuli were not used in List 2 pairs, 
their A-B association 


s should have 
no specific interference from List 2 
The B responses 


f association A-B in 
of A-C? The best 
to experi- 


and so 

suffered 
learning. 
were better reca 
responses to stimuli which 
2. And although her resu 
Birnbaum (1970) 
same direction. 

tent with the iv 
nds support to the present argu 
inadequacy of chi 
independence 


to those stimuli 


lled in MMFR than the B 
did occur in List 
Its failed to reach 
obtained differ- 
This outcome is 


significance, 
aterference hy- 


ences in the 
clearly const’ 
pothesis and le 
ments concerning the 
square tests as measures of the 


of associations. 
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aken. The prescribed more detailed 
een A-B and A-C associations reveal, 


vb that independ 
difficult tenis independence holds for good and poor subjects, for easy and 
5, and for any combination of subjects and items. 


(lower left-hand quadrant) as well as good 
(upper right-hand quadrant) subjects. 

The number of pairs in the lists used by 
Wichawut and Martin is 16. Using stimuli 
as units, we carried out the same independence 
analys The result is shown in Figure 2. 
As with subjects in the preceding paragraph, 
we conclude the following for independence: 
There is no systematic deviation from the 
identity diagonal over items. 

Of the 36 subjects, we selected the best 9 
the worst 9 on the basis of first-task 
Independently, we then 
and four worst stimuli, 
ask performance. 
8 remaining 


and 
(A-B) performance. 
selected the four best 
again on the basis of first-t 
The 18 remaining subjects and 

stimuli were labeled "middle." For each of 
the nine. combinations of best, middle, and 
worst stimuli and subjects, We calculated 
product P(B)P(C) and joint p(B & €) from 
the MMER results, These ate posted in 
Table 1. Each observed P(B & €) is well 
within the binomial standard deviation of pre- 


dicted P(B)P(C). 


Note that the marginal results for subjects 
in Table 1 (right-hand column) correspond to 
Hintzman's Table 1. Observed P(B & C) 
clearly varies according to whether the sub- 
jects were best, middle, or worst. But this 
variation is exactly as predicted by the inde- 


pendence hypothesis, P(B)P(C). 

Other researchers, without prompting, have 
been sensitive to the possibility raised by 
Malis (1970) conducted two A-B, 
For each experiment he 
individual- 


Hintzman. 
A-C experiments. 
calculated from MMFR 
subject chi-squares to test the independence 
of A-B and A-C. To so proceed is to represent 
each subject's deviation from independence by 
Sum- 


a chi-square with one degree of freedom. 
ares gives a chi-square 


This is a chi-square 
that good 


results 


ming z such chi-squ 
with » degrees of freedom. 
that can be large to the extent 
subjects get both B and C and that poor 
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10) .2 EI .6 .8 1.0 
P(B)P(C) 

Fic. 1. Observed joint probability of B and C 

against expected joint probability for 28 individual 


subjects. (Dashed contour is binomial standard 
deviation of P(B)P(C).) 


subjects get neither B nor C; th 
differential directional de 
pendence of good and poor subjects cannot 


cancel each other. Malis reports nonsignificant 
chi-squares throughout. 


In the first study to call 
tical independence of responses in the MMFR 
test, DaPolito (1966, Experiment I) tested for 
independence within the best, intermediate, 
and worst subjects in his experiment. The 
results of his analysis are like those in the 
right-hand column of Table 1 herein, and ac- 


at is, possible 
viations from inde- 


attention to statis- 


TABLE 1 


PREDICTED AND OBSERVED Jomnr OCCURRENCES or 
B AND C RESPON For BEST, MIDDLE, AND 
Worst SUBJECTS AND STIMULI 


Stimuli 
Subjects Saate p———— Mare 
4 3 à ginal 

best | middle| worst 

9 best P(B)P(C) | .773 :690 | .462 | 658 
P(B& C) | .793 -686 | .462 1660 
18 middle | P(B)P(C) | 717 :501 | .408 | 532 
P(B & C) | 715 -472 | .389 514 
9 worst | P(B)P(C) | .386 | .343 | 408 .369 
P(B & C) | .391 | .368 -357 | .370 
Marginal | P(B)P(C) | .655 | .499 :430 | .520 
P(B & C) | .667 | .495 | “308 | “S14 
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P(B&C) 


P(B)P(C) | 


| 
Ban’ at 
Mo diferen 


Fic. 2. Observed joint probability 


n d 
against expected joint probability B al stand? 
stimuli. (Dashed contour is bino! 
deviation of P (B)P(C).) B 

C 


saj subie st 
cordingly unlike the hypothetical ° lares 
described in Hintzman's Table 1. py Dat” 
of the three chi-squares reported DY a 
is 1.07 (p = -30). T result ug 
In addition to these ampum 
methodological point can be mad i SS, dee 
Hintzman's argument. He pues o M 
failure to reject the null hypothe ; that iiy 
Dendence in data “does not imp js cert hie 
associations are independent." He!5 "iy 


? HW le^ 

me ; given ind! 

correct. Neither do the results E are ' qo 

rejoinder imply that ; associi statem e t 
pendent. Fact (or existential) $ 


versal) .. tP 
not imply hypothetical (or bu pt 
ments. The relation of imum. 5s M fio 
opposite direction : Hypotheses ly asse" 
Strong theoretical hypotheses imp c. fals 
that are testable in the sense nA en? 
observations are in principle poss! depe” e a 
The hypothesis of A-B, A-C in oP” he 
is that the strength or effectiveness fect dU 
sociation involving A does not nc 
Strength or effectiveness of the ouis. ro 
emitting B and C responses does eh all 
à competition effect on performance e pee 
tests. This is a testable hypothes pg 
it implies that responses in an V obs’ 
will be Statistically independent. a t 
tion of statistical dependence betwee ay ate 
C responses is all that is required to. " d^ | 
independence hypothesis. Extens!’ sre t | 
have failed to deny this hypothesis iro”? 
1969; Martin, 1971), and so have the § 


LEE TAE 


THEORETICAL NOTES 


(this rejoinder) 
to denial. 
rounds (induc 
ance of the 
ndividual 
Ct-ite 
n contrast 


that Hintzman thought 
Phere are thus con- 
uctive, not implicative) 
r a illea that independence 
subje m me. items, 

* associati $ 
d LN interference theory, 
Éahd irem beri considerations 
reen B and Ey allows for any rela- 
dara a o responses that might 
vhether eee n nicely made by Hintz- 
PE EPUM or not. Accord- 
y is essential. associative interference 
a conten T untestable ; it has far less 
ed by lan is acceptable or war- 

nt knowledge. 

è Hd: se good reasons for ac- 
reject it = hypothesis, and no 
R hypoth, ‘As for the associative 
; Without considera- 


o 
Possib] 
© eyan © SUbjec : 
eve. ect a ` lec 
Dapa Very reason Ject and item effects, we 


P independent reject it, namely, the 
OWanee for t retrieval phenomenon; 


Possible subject and item 
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effects, it is too open-ended to test and hence 
of little, if any, theoretical interest. 
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E TIC ZL E REE ASSOCIATION 
STOCHASTIC MODEL FOR FẸ REE A 
iii RESPONSE HIERARCHIES?! 


VAIRA VIKIS-FREIBERG 


Université de Montréal 


A stochastic model for a class of skew distribution functions ee 
by H. A. Simon in 1955 and applied to free association data by be ces 
in 1963. This paper shows that a basic assumption of the ag le n 
not satisfied by free association data and that consequently the stocha: 


model is not applicable in the 
that a, a parameter of the stochz 


misleading, since æ varies 
tion and continuous prose 
Finally, Horvath's 


e proposed by Horvath. 1 f 
tic model, allows for a simple comparison o 
results obtained under different empirical s 

tematically with sample 
data (where it is known as 
ssertion that æ is a better measure of a 


Horvath's claim 


tuations 


shown to be s riously 
e for both fr: ssocia- 
the type-token ratio). 
sociative ‘power 


: is als stioned (since each mea- 
than the frequency of the primary response is also questioned (since each mez 


sures quite different aspects of free 


ssociation response hierarchies), and a 


i “ney > primary 
systematic comparison of the properties of a and the frequency of the primary 


response is presented. 


Horvath (1963) has described a new statistic, 
a, which is said to provide a convenient quan- 
titative measure for comparing free association 
hierarchies obtained under different empirical 
situations. According to Horvath, a is a better 


measure of the association power of a word 
than is the frequency 


(Ra). 


The derivation of a presented by Horvath is 
based on Simon's (1955) development 
general probability function for a p 
class of skewed distributions. 
tions, which appear in a wide ra 
data from various fields, can be obtained as 
stationary solutions of certain stochastic 
processes. Only two relatively weak proba- 
bility assumptions are needed for the 
tion of the stochastic model. 


of the primary response 


of a 
articular 
These distribu- 
nge of empirical 


deriva- 


Horvath's presentation assumes that both 


these basic assumptions are satisfied by 


_ba free 
association data. 


a The aim of the present paper 
is to show that this is not the case a 


out the serious difficultie 
an uncritical application of the general sto- 
chastic model, Comparisons of a and R, will 
also be made in order to clarify the nature of 
the information conveyed by each 
measures. First of all, however, a brie 
of the general case of Simon's stochast 
is necessary. 


nd to point 
s that might arise in 


of these 
f resume 
ic model 


1 This work was supported by Grant APA-219 
from the National Research Council of Canada, 

? Requests for reprints should be sent to Vaira 
Vikis-Freibergs, Institut de Psychologie, Université 
de Montréal, 90, rue Bellingham, Montréal 101, 
Qué., Canada. 


Basic Stochastic Model 


de! 

ic mO“, 

S stic Pin 

The general case of Simon's stochas cle n 
is described in terms of word H co 
prose samples. Consider a sample 


reached a length of k words. 
different words having occurred 
times in these first k words is f (^ k). del 
probability assumptions of the m? 
stated as follows: ly 
Assumption 1: The probabili) 
(k + D)st word is a word that has <n 
peared exactly i times is prope a to (d 
i Xf(,k). That is, it is proportio wo 
total number of occurrences of e es (^it! 
that have appeared exactly t si possi ree 
1955, p. 427). This allows for the Peame 
that among a group of words with i 5 ability, 
quency 7 within a sample &, the Pr pigne" 
recurrence of some may be much E i^ 
that of others. $ 


we ds 
A ew ^ ort 
bility, a, that the (k + 1)st word bea "s k wr 
a word that has not occurred in the fi"! Z a n) 


ay 
are introduced. a is E. 0 
As can be seen from the formula; "m ra 


a 
valent to the type-token ratio, @ mo ott 
vocabulary diversity long familiar ' pst? 
tical investigations of language (cl 
1917). ode ^l 

Since, according to the stochastic ! sa” 
frequencies grow proportionately wit! 
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y 
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Size, b (As 
ene “Assumption - - 
* (e. 2/8), are a the relative frequencies, TABLE 1 
dependent of $. Similarly ZE ox NUMBER OF DIFFERENT 


&, the 
a rate at whi 
whic 
Is also ce new words are introduced, 
: : ent of & " 
Ssumption 2) tk for the general case 


» however, only applies 


n y are i 

ees We shall iem eed at a constant 
f ' show that in fr : 
! data, where’ the low that in free associa- 


well satien "a assumption seems 
aushied, the sec ass 
enable. second assump- 


Feasonably 
ton is not t 


Relatj 
on o : 
f a to Sample Size: Empirical Data 


If Assumption 2 
valid, the 
rable for as- 
. uneven widely differing 
Y made wit! iparison can be con- 
" ith the Connecticut and the 
ociation norms, which use 


Te 
‘Sto 7 
f basic Assu mption 2. 


basic 
Values o 351€ stoch 


Sociatior 


astic 
* should re 
norms 


model 
main compa 
based on 


dist cd size on the spread of 
Stribution can be seen in Table 


a set s 

Set of five diff, ^ 
We Shows bes different stimulus words. 
is en the at, as k increases by 858 be- 


3 two s E 
Only in tl Samples, the increments in “y 
is et that " range from 16 to 56. It is 
in qiSProportg le increase in new words (4) 
ati Crent wo ney larger than the increase 

Sally ords (n4), Asa resulta is system- 


th y muc 

e chs 

for y dug ler for the larger sample (for 
he -E, e.g., e is nearly five times less 


da, e. Mj 
ta Inneso,. a " 
). *50ta than for the Connecticut 


T 
M 
Sten at these 


of 62 U RO mar. Not isolated examples can be 
to the Cnt aR values for the entire set 
Associ Minneso hoff words which are common 
Con; on on ta and the Connecticut free 
Minn Sticut iie The mean a is .236 for the 
batyo Sta data e = 150) and .100 for the 
(Ea i these k = 1,008). The difference 

$ Means is highly significant 


also 13.28, 

of. a change tr 22, P< 
ten D Which H 
data to 


Sha anon .001). : There | is 
X dorus DARE of the distribution 
"s ieee = the large sample, but 
TI gular for the Connecticut 
"ese results 
With inicren: 


in 
showi TY 

dp significant changes 
€ sample size, are incom- 


"or the 

si Se words to whi 

l fe ee s which some En ases: 

Juste, a, espond, the values of 5; ugs 
accordingly. x and & were ad- 


"ECT OF SAMPLE 
Respro? 


S (n) AND ON a 


Minnesota norms 
= 1008 


Connecticut norms 
¢ = 150 


Stimulus 
word 
nk a nk a 
TABLE 31 M 446 
32 78 O77 
46 3 101 .100 
42 .280 98 097 
45 300 92 .091 


patible with Assumption 2 of the stochastic 


model. 

Since Assumptions 1 and 
sufficient but also necessary in Simon's basic 
stochastic model, a direct application of this 


model to word association data, as done by 


Horvath (1963), is not justifiable. 

Test of modified Assumption 2. While the 
basic stochastic model, which is the one 
Horvath used, assumes that a is independent of 
k, Simon does present two generalizations al- 
lowing for modification of this assumption. 
The second one of these assumes à case where 
a decreases with &, but very slowly (Simon, 
1955, “Case II,” p. 431). Thus, should the 
departure of the main parameter from sta- 
tionariness not be too pronounced, appropriate 
substitutions in the equation giving expected 
made, and the advantages 
be 


2 are not only 


frequencies could be 
of having a mathematical model could 
preserved. The question we now have to test 
is whether this modified Assumption 2 is 
satisfied by word association data. 
In order to evaluate the rate of change of à 
' n ` Y 
as a function of k, sample size was systematic- 
aly for the same set of stimulus words 
he free associati a od wi a 
The me Men data used were the Mon- 
r French-( anadian norms for the 100 
Kent- Rosanoff stimuli (Freiber: 1968). The 
maximum number of subjects was 300, ys 
sample size for the published norms. A com- 
puter program was used? which takes succ 
sively larger samples from this pool of subjects 
and prints out the response hierarchies and 
the values of a at each level. Sampling at 
each level of £ was done without replacement, 
since each subject should not contribute more 
than one response to the total data pool. 


the program are due 


for writi 
rent d'Informatique, 


Freibergs, Départe: 
té de Montréal. 
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u—u Total sample, N = 100 
A————A low«, Nz 6 
eo ——-—9 High we, Ne 6 


i 
a 
A 
M a - NN 
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SAMPLE SIZE, k 


FrG. I. Y 


The central curve in Figure 1 shows the 
mean values of a (averaged over response dis- 
tributions to the 100 Kent-Rosanoff stimuli) 
for successively larger sample sizes. It can be 
seen that a is essentially a monotonically de- 
creasing function of k. However, instead of 
a slow and gradual decrease in the values of a, 
as required by the stochastic model, there is 
a very rapid decrease between k = 1 and 
k = 100, followed by a leveling off between 
k = 150 and k = 300. 

Separate curves were also drawn for means 
of the six response distributions having the 
highest and the lowest «o values, respectively. 
As can be seen in Figure 1, the shape of these 
curves remains remarkably similar to 
average curve. 


the 


/ariations in æ with sample size, k, for free association data. 


Polynomial regressions of the first d r, n 
ond order were fitted to the mean « px eae 
well as to the 100 separate curves “ile a 
different Kent-Rosanoff stimulus. ki a f st 
curves gave a reasonably good fit wit! " 
order (linear) equation, significant d cutee 
components were also obtained for al rde 


. » ni T. s d: 
and the fit of the data with a seco pro Ve 


Š A e $ nific#! ol: 
quadratic equations were highly sig Z 0 A 
all cases (for 97 of the 100 curves, P, we 
91 of these having numerical values 
.90 and .99), 

The first-order equation for “oh 
curve was y = .755 — .174x, v id 
correlation coefficient of .85 Wit 


pra 
the aset 


— a — eee 
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The 

second- ss " 

curve wa order equation for the average a 
aS y = .882 — 489x + 106." which 


Save a 
Correlation coeftici 
ES. ation coefficient of .95 with the 


Implicat; 
catio : : 
ns of the Lim pirical Findings 


Horva à NE 

to s ele claimed three main advantages 
ree üssotidtiom de s basic stochastic model to 
làving a Dile SEES a (a) the advantages of 
sibility of ‘ematical model, mainly the pos- 
(b) the ri uei expected frequencies; 
Statistic. ‘ bie of having a new descriptive 
venience of ps E the advantages of the con- 
rom different IS statistic for comparing data 
examined - sources. These claims will be 
evidence ul SER on the basis of the empirical 

a Fire raga earlier. 
k, Jy viglatinn a changes in œ with 
ass t d Ssumption 2 of the model, 
asic requirement of a ‘‘steady- 


Boh eee ett cs 

requen eir ution for calculating expected 

Nore gradual If decreases in æ with k were 

p Oposed be! then the approximate solution 
as Shown T SUM could be used. But, as 
JC MA le decrease in a is on the contrary 
d Dt. Asa result, the stochastic model 


S nothi 
l1 - R LI * . . 
(193 - ng substantial to Skinner's earlier 
ocation of Zipf's law to association 


SAMPLE SIZE , k ( CHOTLOS, 1944) 
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data, the distribution function presented by 
Horvath being equivalent to Zipf's law. 

One objection which might be raised to the 
above argument is that the function of a with 
k might tend to reach an asymptote, and that 
expected frequencies could be calculated for 
large values of &. This could only be verified 
empirically by extending a curves for free 
association data to cover substantially larger 
samples. The equivalent data are available, 
however, for continuous prose samples, and 
Figure 2 shows two such functions of a over 
k, one for a sample of 3,000 (Chotlos, 1944) 
and another for a sample of 1,000,000 words 
(Kučera & Francis, 1967). These curves can 
be seen to be quite similar to the œ curves for 
free association shown in Figure 1, and it 


would appear that they do approach, but by 


no means reach, an asymptote with increasing 


k. 


It must also be pointed out that even with 


approximations for calculating expected fre- 
these could only be calculated for 


f the distribution (i.e., giving the 
ects producing the 


The frequencies of 
es cannot be deter- 
astic model. 


quencies, 
the tail end o 
expected numbers of subj 


most original responses). 
the most popular respons 
mined on the basis of the stoch 


2000 2500 3000 
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10€ 


SA = 
MPLE SIZE, k (KUČERA & FRANCIS, 1967 DATA) 


Big. 2 
-2. Variations i 
ctl te ns in " i . . * 
« or type-token ratio with sample size, 


k, for continuous prose data. 
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b. As indicated earlier, œ is not precisely 
new as a descriptive statistic of verbal diver- 
sification, since it goes back, under the name 
of type-token ratio or some other, at least to 
Estoup's (1917) classical study. n . 

c. The dependence of œ on sample size invali- 
dates Horvath's (1963) claim that a ‘allows 
a simple comparison of the results obtained in 
different empirical situations by noting the 
variation in this 1 parameter [p. 361 ].” In 
the same way, the use of the type-token ratio 
as a measure for continuous prose has been 
largely abandoned (cf. Rubenstein & Aborn, 
1960), because its decrease with sample size 
makes comparisons of different-sized samples 
impossible. 

The decreasing « curves for continuous prose 
data (Figure 2) incidentally raise some ques- 
tions as to the validity of applying the sto- 
chastic model to data from text as well. Simon 
and Van Wormer (1963) certainly seem to 
have abandoned the constant-a assumption in 
favor of the modified assumption of a as either 
a slowly monotonically decreasing function of 
k or a step function with different values of 
a for different portions of the distribution. 

The similarity of the a curves for both text 
and free association data suggests that the 
same basic mechanisms might be responsible 
for the generation of words in free association 
as in continuous discourse. This is consistent 
with Howes (1957) finding that frequency dis- 
tributions of free association responses to a 
number of stimuli are stochastically equivalent 
to those from large samples of continuous prose. 


Comparison of a and R, 


Horvath has claimed that a is a better mea- 


sure of the associative power of a word than 
is the frequency of the primary response, Ry 
(the associative measure most commonly used). 

As the following sections show, a and R, 
actually 


measure different (if not complemen- 
tary) aspects of free associa 


and the appropriate 
entirely on w 
measured, 


tion distributions, 
1 Ness of either depends 
hich of these aspects is being 


What is being measured by a and by R2 
The main advantage of €, às Horvath has 
correctly pointed out, is that it describes the 
shape of a free association distribution as a 
whole. In other words, it is a measure of the 
breadth of the associative network induced 
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" 1 x 
by a particular stimulus. This is unm ie 
on which Ry, as a measure, does not pro 
any information. " 

The value of Ry, on the other hand (as yo 
as of Rə-R,), is to provide a numerical a: As 
mate of the associative strength linking uses 
pairs of words. Thus Ry expresses the pi 
bility with which a specific word (the m i 
frequent one in a given distribution) can Es 
expected to occur in response to a given ue 
lus. The empirical usefulness of Ri has be - 
demonstrated in studies too numerous, 5 
mention (e.g., Deese, 1959; Diethorn & Voss, 
1967; Jarrett & Scheibe, 1962). i 

As Horvath has noted, two stimulus e 
may have the same value of Ri, yet have qui : 
different response distributions. The convers x 
however, is also true: two response distribu; 
tions may give the same a value, yet ‘a 
strengths of the primary responses may E 
quite different. Thus, in the Montreal norn x 
the stimulus words TABLE and ocÈax both hav 


+ z” 0 
a values of .263. Yet Ry accounts for 57.7% 


all responses to TABLE, and only for 14.0% of 
all responses to OCEAN. di 
On the whole, there is a tendency for * 
reciprocal relationship between Ri and ^ 
especially when dealing with extreme values ? 
either. Thus, with very large values of > 
limits will necessarily be set on the maximu 
possible value of a. For example, Ly" 
83.3% of all subjects gave the Ry “char 
the stimulus TABLE in the Minnesota nap. 
only 16.7% of the total responses is left 7 
à potential source of different responses. The 
fore, the higher the value of Ry, the less ars 
à high value of a, and the higher the value 
a, the less likely a high value of Ry. has 
Stability with sample size. Horvath m 
pointed out that the frequency of Ri is Boe 
to vary from sample to sample. This, he 
ever, is only true of the raw frequency of 
When raw frequencies are converted into re 
centages, Ri can be seen to exhibit quite ie 
markable constancy over varying sample "ue 
m 


"Thus, for the eight samples drawn from 
Montreal norms, the mean percentages 9 


gi 
. i wer" 
for samples increasing from 25 to 300 " 


5 
"r 
19.6, 19.2, 19.2, 19.1, 19.1, 19.2, 19.4, and ! 


es 
respectively. The differences between pe i 
values are so negligible that it becomes pr i- 
Superfluous to test for their statistical 95, jn 
cance. Thus, contrary to what is imp ple 
Horvath's Paper, Ry is stable across se 
size, while æ is not. 
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Stability of the 


ordi ] " SN 
@ sample. dinal relationships within 


variation Les Ri and a show a good deal of 
Sumuli produ un any given sample. Some 
HOMME — 57 me very high Ri values (egy 
the Mennea, 6 Ri: Lampe— 49.0% Ry in 
low ones one ee others have very 
1) CHE), Phe we 2/4 Ri; COLÈRE 6.7% 
tom a T ae he is true of a, which varies 
a high of .510 f; j for the stimulus TABLE to 
Montreal On sn the stimulus COLÈRE in the 
reflect icri Do these values of a and Ri 
Boross Mir pied which will remain stable 
To tesk se ox the same stimulus word? 
values for the iive ample stability, the a 
ranked for cac] 0 Kent- Rosanoff stimuli were 
earlier, Ken * of the eight samples described 
or SR dall s tau was then calculated 
tained co ping pairs of samples. All the ob- 
rrelations were highly significant, 


Indic " 

ating tha 

essentially pur B relative -alues of a remain 
au y, stable with increasing sample size. 


tion bee ranged from .679 for the correla- 
Subjects mi samples of N = 25 and N = 50 
Samples o xi -914 for the correlation between 
To ed N — 250 and N — 300.) 
Carson ui stability of Ri, a matrix of 
9r the bees ation coefficients was obtained 
Samples En Age of Ry values of the same 
Mean a acre Ri is usually interpreted to 
Producin m tant association, only stimuli 
le Sight. the same Rj in at least five out of 
i Samples were included in these cal- 
aci lihty-hve out of the 100 Kent- 
a S were found to satisfy these 
Bu emaining 15 words could be con- 
M d all practical purposes, as having 
Y response at all. They were marked 
rM in numerical value, accom- 
à ence ge more or less equiprobable 
& Gros y Re’s and R;'s. 
er ?PSS-correlation. matrix of Ri 


for the 


g ` 
Were ig contained correlations which 
ma ly a My significant in every instance, with 
Ship (y PProaching a perfect linear relation- 
iimuli h Ph, 98, .99). This means that for 
the relati aving a discernibly dominant Ra, 
Sidereq ass value of this measure can be con- 
Ne stim 5 an extremely stable characteristic of 
nulus word. 
Su 
Mmary and Conclusions 


he poi 
may; Points raised i is 
rized as (PSI in this paper may be sum- 
Contrar ` 
trary to Horvath’s (1963) sugges- 


tion 

n, Si 
DIr ' c 

non's (1955) stochastic model is not 
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applicable to individual free association 
hierarchies. 

2. The formulae presented by Horvath for 
calculating expected frequencies are not theo- 
retically justifiable, even if the fit to empirical 
data may be reasonably good for very large 
samples (such as the Minnesota norms). 
Furthermore, even if the model were ap- 
plicable, it could only provide expected fre- 
quencies for the least frequently occurring 
responses. 

3. Because of the inappropriateness of the 
stochastic model, œ is in fact nothing other 
than the long-familiar type-token ratio, which 
is known to decrease with increasing sample 
size. 

4. Alpha cannot be directly compared to 
Ri, as Horvath has done, since each measures 
different aspects of free association response 
hierarchies. 

5. Because of its dependency on sample size, 
a is not a good measure for comparing results 
obtained under different conditions. Ri, on 
other hand (if expressed as the percentage 


the 
ant with 


of total responses), is extremely invari 
sample size. 

6. Both a and Ry expre: stable characteris- 
tics of stimulus words, since the ordinal rela- 
tionships of a and Ri values in any given sample 
remain very closely the same in samples of 


different s 
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A distinction is 
- ieri: ge is drawn between the physical condition, densi 
» PO edd : : 
ura ps Apres parameters, and the experience of crowding, a motivational 
ased through the interaction of spatial, social, and personal factors, 


s defined purely 


and directe » SEE Š 
Sees toward the alleviation of perceived spatial restriction. The im- 
ations of this distinction for future research are discussed. 


To " 

Seas i have been four basic lines of 
9 crowding: Ge which relate to the issue 
2, 1966; Ch m. animal studies (Calhoun, 
correlations eam Flyger, & Davis, 1960), 
data (Cho, bs. surveys utilizing census tract 
1971; mbart de Lauwe, 1959; Mitchell, 

1957, 1966; Winsborough, 


1965) Schmitt, 
» (c) experiments on the human use of 


Space 
mni er ten 1965, 1968; Hall, 1959, 1966; 
Studies qi 967, 1969), and (d) experimental 

s directly concerned with the effects of 


Crowd; 
z DX behavior (Freedman, 
riffit & Veitel 1K evansky, & Ehrlich, 1971; 
telson, p es h, 1971; Hutt & Vaizey, 1966; 
Althou roshansky, & Rivlin, 1970). 
Provide Ma ; previous empirical approaches 
Ing sens insights into the nature of crowd- 
confusio mena, there appears to be a certain 
m reflected especially in research con- 
meaning of aman crowding, regarding the 
e terms “density” and “crowd- 
ntercha ay writers have used „these terms 
Ltween erably, rather than distinguishing 
Volving s physical condition, density, in- 
entia veta limitation, and the experi- 
tive as ate, crowding, in which the restric- 
t NE, of limited space are perceived by 
Sowane Mad exposed to them. As a con- 
a Zenera] of this confusion, there has been 
sp H tendency to view crowding in terms 
nt considerations alone, and a failure 
bur ineate those social and personal dimen- 
Which may interact with spatial factors 


0 meg: 
ediate ji x 
late the experience of crowding. 


1 
The 
Unit, © Preparation of this paper was supported by 


"ted Sta P 
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pi 323. The author wishes to express his ap- 


reciati 
their pa Ju John Schopler and John. "Thibaut for 
aieo dd readings of the manuscript. "Thanks 
his ex to Nehemia Friedland for his comments 
5 paper, 
k €quests for reprints should be sent to Daniel 
ols, Department of Psychology, University of 


Sto 
North Carolina, Chapel Hill, North Carolina 27514. 


According to the proposed distinction, den- 
sity is viewed as a necessary antecedent, rather 
than a sufficient condition, for the experience 
of crowding. Any instance of spatial limita- 
tion involves potential inconveniences—the 
restriction of movement or the preclusion of 
privacy, for example. These potential con- 
straints, however, are not necessarily salient 
to the individuals occupying an area of limited 
space. While the amount of space in a given 
area may appear limited to an outside observer, 
it will not inevitably seem inadequate to the 
occupants of the area, especially if their activi- 
ties do not require a high degree of behavioral 
coordination, if their relationships with each 
other are cooperative and friendly, or if they 
have had much experience with living and 
working under conditions of limited space. 
Such circumstances, then, would operate to 
minimize the salience of spatial constraints. 

In order for the restrictive aspects of spatial 
limitation to become salient and aversive, 
such that the individual's perception of them 
engenders the experience of crowding, certain 
social and personal factors must be present.” 
Social interference, for example, in the form 
of task-coordination problems or competition 
with others, is likely to heighten the salience 
of spatial constraints. The restriction of 
movement, imposed by limited space, would 
become most apparent while engaging in tasks 
requiring the coordination of one's own activity 
with that of others; and the arousal of com- 
petitive feelings would eventuate in a tendency 


3 To the extent that spatial limitation introduces 
noxious physical effects, such as heightened tempera- 
ture and stuffiness, the relative importance of social 
and personal determinants of crowding decreases. 
Hence, under conditions of acute spatial limitation, 


density alone would be sufficient to induce the ex- 
The present discussion, 


perience of crowding. 

however, focuses on situations in which the supply of 
space is not limited to the point that it impairs nor- 
mal biological functioning, or promotes excessive 


physical discomfort. 
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to perceive the presence of others as Le n 
ing and intrusive, thereby E : s 
to expand and protect one's personal sp; ac E 
Similarly, the lack of prior experience. wit 
spatial limitation, as well as certain characters 
ological traits (e.g., impatience, aggressive- 
ness), would render an individual more sus- 
ceptible to the experience of crowding. 
Crowding, then, appears to arise through the 
juxtaposition of density with certain social and 
personal circumstances which sensitize the 
individual to the potential constraints of 
limited space. The perception of such con- 
straints leads to a recognized disparity be- 
tween the amount of space demanded, or con- 
sidered to be adequate, by the individual, and 
the amount of space available to him. The 
experience of crowding, thus, can be charac- 
terized as a motivational state directed toward 
the alleviation of perceived restriction and 
infringement, through the augmentation of 
one's supply of space, or the adjustment of 
social and personal variables so as to minimize 
the inconveniences imposed by spatial 
limitation. 
The particular form of one’s response to 


crowding will be a function of the relative in- 
tensity of spatial, social, and personal factors, 
and the degree to w 


hich they can be modified. 
Where the limitation of space is extreme 


, and 
restraints against direct alteration of spatial 
variables are low, the prepotent mode of re- 
sponse to crowding will be a behavioral one. 
For instance, the individual can augment his 
supply of personal space by 
crowded' situation, 
normative or ph 
behavioral 


leaving the 
In situations where either 
ical constraints inhibit overt 


likely 
the person may 
: atial adequacy, en- 
| "eness of his task, or attempt 
to achieve 2 greater degree of coordination 
with others in the group, as a means of alleviat- 
ing the sensation of crowding. 

Although Unsuccessful attempts to cope with 
crowding may be accompanied by behaviors 
symptomatic of general stress 


i l (e.g., discomfort, 
aggression, hormonal dis 


a ion, h equilibrium), crowding 
is distinguishable, nonetheless, from other 
stress syndromes by the fact tha 


t it involves 
al constraints 
liminate them, or re- 

The suggested distinction between density 
and crowding has important implications for 
future research. Recent experiments have 


a prevailing concern with spati 
and the motivation to e 
duce their salience, 


at- 


Bs rough 
tempted to manipulate crowding US room 
variations in the size of the aie 1971)- 
(Freedman, 1970; Freedman ct 2 ted very 
Moreover, these studies have nena dent as- 
few experimental effects on the pel affective 
sessments of task performance em negative 
behavior. Though interpretation o tualiza- 
results is tenuous, at best, the ene that 
tion of crowding, discussed above, SUEK re in- 
the lack of experimental effects in Bre ilare to 
vestigations may be due to their t4 1 


cia 
á, -onal and 50 
manipulate, or control for, peragnial ans 
sources of variance. Though the va 
experimental room 


jt an 


;joreser 

ze may well aped per 
effective manipulation of available eut an 
subject, it does not appear to cons 


«nants 
adequate manipulation al manip! 
of crowding. Through the orthogonal ™ and 
lation of variables pertaining to ll as those 
personal dimensions, however, as We becomes 
relating to the spatial component, it y the 
possible to as 


bee? 


ess variance attributable t6 
former factors which, heretofore, has 
subsumed under “error variance." a focused 

While previous investigations have subse” 
on density as an independent variable, to the 
quent research must turn its attention e phe 
experience of crowding as a measurable i 


m 
1 per 
nomenon. Such an approach would | anc 


d, 


e.g., laughter, aggression, red tors 5. 
me ical indica nts 

contact), and (d) physiological i 

strain, 


"m K sses57 ne 
The utilization of such Lus d 
would contribute to an elucidatio! 


r 
the 
crowding experience, as distinct from 
Motivational syndromes. 
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d V £ AND D. A. SHIEK'S 
MMENT ON D. J. MOORE DE l o: 
AWE A THEORY OF EARLY INFANTILE AUTISM 


ROGER A 


Johns Hopk 


A. WEBB? 


ins University 


] ns fi ile 
D. J. Moore and D. A. Shiek’s theory concerning the origins of infanti 


autism is examined and found implausible. 
the misuse or misunderstanding of tw 


ligence. Their notion of imprinting 
account the necessary environmental 


social development in man and othe: 
and Shiek' 


mental precocity. 


Extensive empirical stud 
relation between th 


e behavior 
gested that all theories of 


children be abandoned as um 


In their recent paper on early infantile 
autism, Moore and Shiek (1971) hypothesize 
that: "fetuses with an inherited high potential 
for intellectual superiority are developmentally 
ready for imprinting with human behaviors 
much before birth 


-. [and become] imprinted 
on the restricted uterine environment [p. 451]." 
Their theory 


deserves comment as a potential 
source of confusion, 


While novel theories are 
Clearly needed in the difficult and important 
field of early infantile autism, it is unlikely 
that Moore and Shiek’s formulation will prove 
useful. Their Paper implies a notion of de- 
velopment which doe. 


s not do justice to the 
complexities of the Process. While other 
points might be examined, this note will con- 
centrate on Moore and Shiek’s m 


isunderstand- 
ing or misapplication of two fun 


damental con- 
cepts—imprinting and intelligence, 
The realization that early human social de- 
velopment is based on instinctive processes that 
are related to similar mechanisms in other 
animals is an insight of profound importance 
(cf. Bowlby, 1969, for a review), 


extensive environme 


ntal interaction. For ex- 
ample, considerable perceptual organization 
must occur before the infa 


aint can begin to 
1 Preparation of this note was Supported in part 
by Grant MH-19364 from the National Institute 
of Mental Health. The author wishes to thank 
Natalie Hirsch and Julian Stanley for discussing 
the issues, though neither takes responsibility for 
the ideas expressed. 


r repri to Roger 
2 Requests for reprints should be sent 

A ae Department of Psychology, Johns 
Hopkins University, Baltimore, Maryland 21218. 


s belief that intellectual potential w 


The theory is seen as based on 
o key concepts—imprinting and intel- 
is mechanical and does not take into 
interaction. which is characteristic ot 
r mammals. More serious is Moore 

ould be indicative oí develop- 
y indicates that there is no 


of infants at birth and later IQ. It is sug- 


. scodiór Of 
autism based on the presumed precocity O 
productive, 


singe x sitiar ces. 
distinguish strange from familiar fa 


e 
st 9 
B ns mtt 
several relatively independent system 


organized and focused on 


Std 
oci 
important 
figures. 


ocial- 
Considered in these terms, bg d 
ization process is better compared to rmane” 
analysis of the construction of the Ls 150: 
object than to elicited following in duc nial re 
Moore and Shiek fail to note that S ro 
sponsiveness persists with no sharp S 
some time after the six-week to six 


321 
period they postulate (Bowlby, 1969, J the 
ff.). Thus, it is unlikely that any asper nc 
normal human socialization process cou d the 
tion in the uterine environment to proc 
profound and lasting effects of autism. pout the 

Moore and Shiek's misconceptions 2007 vet! 


Pick ‘dren have ipe 
Well established) that autistic children m 


n ally 40 
Projection of an IQ of 170+ is tos eif $ 
founded, Moreover, their logic would § 
imply tha 
1704- should be 


E T 
Period of normal 9^ de 
+ Such great 
velopment is 


» in fact à there. 
nonautistic, highly 3." BOL Seen, and out- e 
These SERÁ intelligent people 2 o0" 
and Shick hog ations indicate that [o e 

3 E inc 
notion of what intgj PUtmoded and pere uy 
an implicit “ssumptic ce is. First, “eco! 
could be Predicteq ror Ühat social pt g 
om 


Measure of 
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menta] ; S x 
‘a ke and this is not likely to be true. 
Presumed ere is an erroneous ssumption that 
Some in s kelleetua] potential would have 

the Qi. aos for the state of the infant 
Nh. QIBSZOÉ bitth or before. 


The i 
: dea tha ak 
EiVe an accu t an IQ taken at any 


0 age can 
doy a üte mental age at any other age 
1€ proper mental age/chronological age is 
if is cons Ptualization of intelligence and 
cM Sta all ares leithe 
Uisite is |; a ani at all ages, Neither prereq- 
Eie i Y to be correct, One could argue 
© Is no nece 


Tecocity. . h "y relationship between 
two C Me! intelligence and that, in fact, the 
18, o course ane conceptually unrelated. There 
*Cuisition ^?" empirical relation between the 
ligence n de intellectua] material and intel- 
9f the tiui 1e years of childhood. Regardless 
Can ely a ot this argument, however, one 
rel ~ Say that there is no demonstrated 


ation 
ship / 
first S ID between behaviors measured in the 


E Pad life and later intelligence, 
fact, Os (Bayley me Search for such 
Which lytic studi 70, p. 1173 f£). In fact, 
ic eventual udies Suggest that the abilities 

ice to bed Contribute the majority of 
age four o. 'gence do not emerge clearly 
le tj autisti so (Hofstaetter, 1954). Thus, 
Ctt Pot "UC children were of high intel- 

Asumi ential, there would be no grounds for 
, anything functionally 
> important oF these limitations on theorizing 
' Since Moore and Shiek are not 
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alone in confusing precocity and later intelli- 
gence, Rimland (1964), for example, bases his 
early brain-damage hypothesis on an assump- 
tion of intellectual potential. He postulates that 
the more rapidly developing brain of the highly 
intelligent child is more likely to suffer injury 
at birth, Moore and Shiek’s rejection of this 
theory on an argument of biological adaptability 
is incorrect, since the brain is more susceptible 
to damage when it is undergoing rapid change. 
Rimland's hypothesis is gratuitous, however, 
for the same reasons that applied to Moore and 
Shiek's above. It is to be hoped that all 
theories of autism that attribute a critical role 
to the infant's intellectual potential will be 
abandoned, and that research on this difficult 
problem will examine potentially more profit- 
able areas. 
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A RESPONSE TO R. A. WEBB'S COMMENTS 


DEWEY J. MOORE: 


Indiana State University 


Webb (1972) accepts as a plausible hypo- 
thesis that autistic children have (or had) high 
intellectual potential. He also agrees that 
normal human social development 1 
in instinctive processes and 


is unlikely to occur in utero, 
with all the major tenets of th 


proceeds to argue its conclusions by 
truisms from normal 


dence, He conveniently 
early infantile autism j 


citing 
S evi- 
ignores the fact that 
S not a normal state. 

he theory is valid 
degrees of autism. He notes 
ability is not Observed, 
losen capri- 
As hypothesizeq in the 
projected intellectual 
is necessary for 


Pass in utero, ji 
Permits adequate o 


and/or Perceptual 
There are Probably 


ciously or arbitrarily, 
Original Paper, a level 
the critical 
-ess potential 
Pportunity for imprinting 
Organization after birth. 
time limits for i 

as in lower animals, After 
tion of these limits, the 
tunity is lost, Imprinting Seems to be an all- 
or-nothing-at-al] Phenomenon, In 
is hypothesized to be a 

nomenon, Without such h; 


! Requests fo: 


autism, it 
nothing-at-al] phe- 
asic perceptual or- 
T reprints should be 


sent to D. wey 

Moore, partment of Pecial Education, 

ndana State University, Terre Heute, Indiana 
47809, 


TO "cess 
Sanization, the human UN 1s 
fails to proceed normally. Hence, infantile 
COrrect in his Observation that early T is 
autism does not exist in degrees, but 5i 
Correct for reasons other than those he me 
Finally, Webb rejects the theory's rejec n 
of Rimland's (1964) early brain aE 
pothesis on Srounds that the brain idiom 
Susceptible to damage when it is eT is 
rapidly. His restatement of this common me 
cepted truism lends nothing to the ig emen 
Significantly he failed to comment on the aa 
ne negative effects of sensory —— 
are relatively sreater for genetically 
brighter or, anisms, 
The shige demands flexibility of shania 
rigidity of logic, and a renunciation of many 
time-worn and erroneous beliefs 
autism, Hopefully, re 
reticians will s ini ast, present, and rai 
knowledge Tegarding the Status of autistics ! 
the light or heses. One avenue E 
attempt to determine Xe 
aces that appear to exist | 
activating Systems of aula: 
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Most probabilistic analyses of choice a 
scalability which is an ordinal formula 
from irrelevant alternatives. This assu 
adequate on both theoretical and 


problem, a more general theory of choice 

h alternative is vi 
selected (with probability proportional 
hat do not include the selected aspect 


is developed. In this theory, eac 
each stage in the process, an aspect 
to its weight), and all the alternatives t 
are eliminated. The process continue 
eliminated. 
choice alternatives without any referenc 
tested using observable choice probabi 
choice models of R. D. Luce and of F. 
of psychophysical and preferential judgr 
plications of the present development a 
tion by aspects is discusse 
viewpoints. 


a bai faced with a choice among several 
alc Vel, people often experience un- 
i amy and exhibit inconsistency. That 
econ are often not sure which alterna- 
mak hey should select, nor do they always 

e the same choice under seemingly 
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experimental grounds. T 


It is shown (a) that this model is expre: 


Restle. Empirical 


d from both psychological 


the assumption of simple 
principle of independence 
er, is shown to be in- 
"o resolve this 


re based on 
tion of the 
imption, howev 


based on a covert elimination process 
ewed asa set of aspects. At 


alternatives but one are 
ible purely in terms of the 
e to specific aspects, (b) that it can be 
lities, and (c) that it generalizes the 
support from a study 
ments is presented. The strategic im- 
re sketched, and the logic of elimina- 
and decision-theoretical 


s until all 


identical conditions. In order to account 
for the observed inconsistency and the 
ünty, choice behavior has 
ic process. 


reported uncer 
been viewed as a probabilist 

Probabilistic theories of preference differ 
with respect to the nature of the mechanism 
that is assumed to govern choice. Some 
theories (e.g., Thurstone, 1927, 1959) at- 
tribute a random element to the determina- 
tion of subjective value, while others (e.g., 
Luce, 1959) attribute a random element to 
the decision rule. Most theoretical work 
on probabilistic preferences has been based 
on the notion of independence among 
alternatives. This notion, however, is 
incompatible with some observed patterns 
of preferences which exhibit systematic 
dependencies among alternatives. 

This paper develops @ probabilistic 
theory of choice, based on a covert elimina- 
tion process, which accounts for observed 
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dependencies among alternatives. The 
first section analyzes the sposbentiones qu. 
sumption; the second section formulates a 
theory of choice and discusses its m 
Sequences; some experimental tests Gf tiis 
theory are reported in the third section ; 
and its psychological implications are ex- 
plored in the fourth and final section, . 
We begin by introducing some notation. 
Let T — (ys. *) be a finite Set, inter- 
preted as the total set of alternatives under 
consideration, We use A, B, C, --., to 
denote specific nonempty subsets of T, and 
Aie Bzy Ces =, to denote variables r 
Over subsets of T. 


are denoted, respec- 
tively, by D and 2. The empty set is 
denoted by $. The probability of choosing 
an offered set 4 S 
Naturally, we assume 
25 P(x,A) =1 for any A, 
E 

) ae for any x Ẹ 4. 
e write P(xsy) for 


and P(x, A 
brevity, wW 
P(x;ys) for P(x,{ 
valued, nonnegative 


For 
P(x,{x,y}), 
X,Y,2}), etc. real- 
function in one argu- 
ment is called a scale. Choice Probability 
is typically estimated by relative frequency 
in repeated choices. [t should be kept in 
mind, however, that other empirical inter- 
Pretations of choice Probability, Such as 
confidence judgments (which are applicable 


to unique choice Situations), might also be 
adopted, 


be scaled So that 
Choice Probability ; 


monotone function of the 
the respective 

tion, called 
investigated by Krantz (1964. 
A). Formally, simple Scalability 
only if there exists a scale 1 de 
alternatives of T and functio 
arguments, 2 sug 5, such tl 
A= c E: 


P(x, A) = Fyfe (x), ... *u(z)], [1] 


This assump- 
Was first 
» Appendix 
holds if anq 
fined on the 
ns PF, in » 
lat for any 


Amos Tversky 


where each F, is strictly increasing dps 
first argument and strictly mone De 
the remaining a — 1 arguments pr deities 
P(x,A) 0, 1. This assumption i The 
most theoretical work in the om tate 
theory of Luce (1959), for equi id s 
special case of this assumption where 


P(A) = FeLu(x),+++,u(s)] 
u(x) [2] 


2) u(y) 
yEA is 
i i » scalabilt 
Despite its generality, simple sh gis 
Equation 1) has strong pes a ou 
Sequences, Jn particular, it implies 
for all x, y € A, 


P(wiy) 2 1/2 if P(A) > P(y,A), 
provided P(y,4) #0. [3] 


"ox OF 
Equation 3 asserts that the ordering of * 
and y, by choice probability, is eae ea 
of the offered set. Thus, if « is pre 4/2) 
to y in one context (eg. P(x) > tas 
then x is Preferred to y in any con - A) 
Furthermore, if P(x;y) = 1/2 then de 
= P(y.A) for any A which contains ie 
* and y. Thus if an individual is indi a 
ent between x and y, then he should — 
them with equal Probability from any $ 
Which contains them. idin 
This assumption, however, is not valic pa 
general, as Suggested by several canto 
amples and demonstrated in many epr 
ments (see Becker, DeGroot, & Marscha 
1963b; Chipman, 1960; Coombs, "^ 
Krantz, 1967; Tversky & Russo, 1969). Ne 
motivate the Present development, let i 
arguments against simp’ 


examine the 76: 
scalability Starting with an example p 
reu (1960). 


Posed by Del 


Suppose you are offered 


y 
a choice among 
the following th 


ree records: a suite by We 
bussy, denoted D, and two different As 
cordings of the Same Beethoven symphony 
denoted B, and By, Assume that the a 
Beethoven recordings are of equal quality» 
.. Simple Scalability js 


l'versky, 1972) to the 
assumption. For 


see 
» in fact, equivalent Go 
following order e e : 
* J € A — B, and z y) 
P(x,4) > P(y,4) ifl PB U qx) < Mrd os de 
terms on the two sides of ei 
are not both 0 or 1. 


- 


wet 


ans! illustration 
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and that v. 
a (o Mn RM between adding 
collection, Hem P(By B) TP oe 
SPEIS mit f Ba 
ae iE: 1/2. It follows readily from 
conclusior - P(D; ByB;) — 1/3. This 
Sidus 2. ee ee on 
fict o iid because the basic con- 
Not likely to Pepe n Y Beethoven is 
of another Beetl mar by the addition 
Bad it ce eet hoven recording. In- 
among th Raenied that in choosing 
treated m three records, B; and B» are 
with D é A aie alternative to be compared 
that P(p); qssquensts one would expect 
While P(B -B 2) will be close to one-half, 
close £6 uie aD) = P(B»; By D) will be 
Scalability: | ees contrary io simple 
Port for D 1 =quation 1). _Empirical sup- 
Y Becke e breu's hypothesis. was presented 
Choice Vb et al. (1963b) in a study of 
example het gambles. Alth ugh Debreu's 
Model (Eu, offered as a criticism ol Luce's 
based on Dd 2. it applies to any model 
Neu uu RIEN uf 
cs rts to resolve this problem 
E 1960) attempted to redefine 
Erico SRI so that Bi and B: are no 
thon ee as different alternatives. 
Not pis idea has some appeal, it does 
Problen ide a satisfactory account of our 
Physical) First, Bı and B: are not only 
Perfect] y distinct, but they can also be 
no iios discriminable. Hence, there is 
iiss den basis for treating them as 
e an polus Second, the process of 
quires ng choice alternatives itself re- 
Finall an adequate theoretical analysis. 
indepen s show that the principle of 
violat Snieg from irrelevant alternatives 
readily. ed in a manner that cannot be 
a ineo ee for by grouping choice 
hat the udi , More specifically, it appears 
Offered ps hurt of an alternative to an 
Similar b hurts" alternatives that are 
those um bs gauen alternative more than 
effect (of E dissimilar to it. Such an 
Special d) 2 Debreu's example is à 
Vision of t ; a more drastic re- 
hedelestehoiae PS underlying our 


The ing 
following example provides another 


of ing 
the inadequacy of simple 
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scalability. Suppose cach of two travel 
agencies, denoted 1 and 2, offers tours of 
Europe (E) and of the Far East (F). Let 
T = {E1,Fi,E2,F2} where letters denote the 
destination of the tours, and the subscripts 
denote the respective agencies. Let us 
assume, for simplicity, that the decision 
maker is equally attracted by Europe and 
by the Far East, and that he has no reason 
to prefer one travel agency over the other. 
Consequently, all binary choice prob- 
abilities equal one-half, and the probability 
of choosing each tour from the total set 
equals one-fourth. 1t follows from Equa- 
tion 3, in this case, that all trinary prob- 
abilities must equal one-third. However, 
an examination of the problem suggests 
that in fact none of the trinary probabilities 
instead, some of them 


equals one-third ; 
the others equal 


equal one-half while 
one-fourth. 

Consider, for example, the set (Ej Fi F;). 
Since the distinction between the agencies 
is treated as irrelevant, the problem re- 
duces to the choice between a tour of 
Europe and a tour of the Far East. If 
the latter is chosen, then either one of 
the agencies can be selected. Consequently, 
P(E;; Fi,F2) = 1/2, and P(Fi;; F2,E1) 
= P(F,F,E:) = 1/4. An identical argu- 
ment applies to all other triples. Besides 
violating simple scalability, this example 
demonstrates that the same set of binary 
(or quarternar ') probabilities can give rise 
to different trinary probabilities and hence 
the latter cannot be determined by the 
former. Put differently, this example shows 
that the probabilities of choosing alterna- 
tives from a given set, A, cannot be com- 
puted, in general, from the probabilities of 
choosing these alternatives from the subsets 
and the supersets of A. This observation 
imposes a high lower bound on the com- 
plexity of any adequate theory of choice. 

‘A minor modification of an example due 
to L. J. Savage (see Luce & Suppes, 1965, 

which is based on binary 


pp. 334-335), 

comparisons only, illustrates yet another 
difficulty encountered by simple scalability. 
an individual who has to choose 
to Rome. 


Imagine 
between a trip to Paris and a trip 
Suppose he is indifferent between the two 
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trips so that P (Paris; Rome) = 
the individual is offered a new 
Which consists of the trip to 
a $1 bonus, denoted Paris +, 
doubtedly prefer it over the o 
to Paris with certainty so that 
Paris) = 1. 


1/2. When 
alternative 
Paris plus 
he will un- 
riginal trip 
P (Paris xis 
Equation 3, 


Rome, it is 
small bonus would 
resolve the conflict completely and change 


the choice Probability from 172 to: i. 
Rather, we expect P(Paris +; Rome) to 
be closer to 1/2 than to le GE 

data (e.g., Tversky & Russo, 1 
this intuition, 
lore, reflect n 


Xperimenta]l 
969) su pport 
Choice probabilities, there- 
t only the utilities of the 
alternatives in question, but also the 
difficulty of comparing them, Thus, an 
extreme choice Probability (i.e., close to 0 
Or 1) can result from either a large dis- 
crepancy in value or from an easy com- 
Parison, as in the case of the added bonus, 
The comparability of the alternatives, 
however, cannot be captured by their scale 
values, and hence simple scalability must 
^e rejected, above examples demon- 
of one alterna- 
livalent to it in 
‘ssarily Preserve 
context. The 
Comparability 
» Which in turn in- 
ences choice Probability. 
An alternative 
ment of 


treats the 
random varia 
Specifically, it 
a random 


choice probability in 
substitution 


velop- 
choice 
ach alternative as a 
a constant, 


assumed that there exists 


vector U = 


aU) og 
= ers) Le, for an eT U, is 
à random variable) Such th 
Tx Ay s P(U,» yg 


» for all IS A). [4] 
Models of this type are c 

utility models, The only random utility 
models which have been Seriously 
vestigated assume that the rando 
ables are independent, 
tension of the l 
Raiffa, 1957, 


alled random 


in- 
m vari- 
However, 
ast example 
P. 375) is show 


an ex. 
(see Luce & 


'n to violate 
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48 A. To 
any independent random utility weed and 
demonstrate, consider the trips to | bonc 
Rome with and without the adden babili- 
The expected binary choice saris) Ef. 
ties in this case are P(Paris +; F Doris ps 
P(Rome 4-; Rome) = 1 but e Pe al 
Rome) <1 and P(Rome +; Pari itility 

Assuming an independent random pe 
model, the first two equations pues ; dis: 
that there is no overlap between m EE 
tributions representing Paris and d 
nor is there an overlap between We bo 
tions representing Rome and I y 
The last two inequalities above Wo 
that there must be some overlap hety and 
the distributions representing rd 
Paris +, as well as between the c p It 
tions Tepresenting Paris and Rome ae ave 
is easy to verify that these conclustor howe 
mutually inconsistent, and hence es with 
choice Probabilities are incompatib ential 
any independent random utility Ta ba 
The representation of choice Varie d 
independent random variables, gem 
appears too restrictive in general ibis 
ike simple Scalability, it is incompa s 
With some eminently reasonable patter a 
Preference, In discus ng the leks a 
encountered by probabilistic theories 
choice, Luce and Suppes (1965) wrote: 

It appears th 


sually 
at such criticisms, although e 
Specific models, are really prefer- 
objections to all our current r hope 
They suggest that we canno refer- 
Successful in dealing with p ture 
lude some mathematical S els 
Outcomes that are simply ri 
another and those that are Ta a- 
Such functional and logica sharp 
the outcomes seem to have a | they 
he preference probabilities, and 
be ignored Lp. 337]. 


Over the set of 
Stitutable for one 
Cases of others, 
tions among 
Control over 4 
cannot long 


Turony ind 
ks ibes choic' 
The Present development describes c cess. 

as à covert Sequential elimination po of a 
2UDDoOSe that each alternative coneis that 
Set of aspects of characteristics,’ EL) 


" as 
4 a P arnatives 
The representation Of choice VE by 
Collections o Measurable aspects was deve odel 
Restle (196 


based on thi. 
later, the pre: 


x1 


, Selected 


ya 


A THEORY 


able alt tom those included in the avail- 
Proportional ag with probability that is 
of an aspect i its weight. The selection 
liat do set Sen ha all the alternatives 
UP Process oe ude the selected aspect, and 
tive Thain ntinues until a single alterna- 
cluded in all l If a selected aspect is in- 
a ternative M wu available alternatives, no 
d E eser ee and a new aspect 
Common to < eae aspects that are 
si ciation Ra the alternatives under con- 
ince the hie affect choice probabilities. 
as an Sis. sent theory describes choice 
cessive sele M process governed by suc- 
elimination | lon of aspects, it is called the 
» Biden Aca iege. (EBA) model. 
Car, for ul PE the purchase of a new 
May be nites the first aspect selected 
eliminate UN transmission: this will 
cature. d dec that do not have this 
another 4 viven the remaining alternatives, 
aspect, say a $3000 price limit, is 
this Ea all cars whose price exceeds 
tinues mud) he The process con- 
his deri a cars but one are eliminated. 
exicogrs AU rule is closely related to the 
"ish hod ic model (see Coombs, 1964; 
Kg 


process, an aspect is 


al : 
i e gatives are equivalent with respect to 
; die ee one chooses from them 
Secong iai ia that is best relative to the 
Mode] Hen ee and so on. The present 
in that h SIS from the lexicographic model 
Pects ie no fixed prior ordering of as- 
Choice ; attributes) is assumed, and the 
Moin is inherently probabilistic. 
associate Senay, consider a mapping that 
x” — etes with each x € T a nonempty set 
Breted 2, -} of elements which are inter- 
* is said ia SES DECUS of x. An alternative 
x". Thee an aspect a whenever 
aspects could represent values 


two. 
q O-alternative c. 

oige Aenm ss A related representation of 
196, es was developed by Lancaster 


who ass oi 

EE to pex uL economic goods po: 

4 RS EE ap € characteristics (or aspect 

etermine Ht jon, and that these characteristics 

Yeory, howe x consumer's choice d nnd st 's 
Ver, is nonprobabilistic, seal 


or CHOICE 


z 
Fic. 1. A graphical representation of aspects 
in the three-alternative case. 
along some fixed quantitative or qualitative 
dimensions (e.g., price, quality, comfort), 
or they could be arbitrary features of the 
alternatives that do not fit into any simple 
dimensional structure. The characteriza- 


tion of alternatives in terms of aspects is 
not necessarily unique. Furthermore, we 
generally do not know what aspects are 
considered by an individual in any particu- 
lar choice problem. Nevertheless, as is 
demonstrated later, this knowledge is not 
required in order to apply the present 
model, and its descriptive validity can be 
determined independently of any particular 
characterization of the alternatives. 

To clarify the formalization of the model, 
let us first examine a simple example. Con- 
sider a three-alternative set T = (1,5, 
where the collections of aspects associated 
with the respective alternatives are 


x! = {anas bn bap pow} 
y! = {B1,B2,01,02,01,02,0}, 


and 
/ 
a= {YD YPP Tw} 

A graphical representation of the struc- 
ture of the alternatives and their aspects is 
presented in Figure 1. It is readily seen 
that e; Ba and y: @ = 1, 2) are, respec- 
tively, the unique aspects of x, y, and 3; 
that 65 e; and pi are, respectively, the 
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aspects shared by x and y, by y and z, and 
by x and z; and that w is shared by all three 
alternatives. Since the selection of w does 
not eliminate any alternative, it can be 
discarded from further considerations. Let 
u be a scale which assigns to each 
positive number representing its u 
value, and let K be the sum of t 
values of all the as 
tion, that is, K = 


aspect a 
tility or 
he scale 
pects under considera- 
25 u(a) where the sum- 
a 
mation r: 
w. Usin 
Ple TY: 
Note first th 
from T if eith 
first stage (in 


anges over all the aspects except 
g these notations we now compute 


at x can be chosen directly 


er o1 Or a» is selected in the 
which case both y and z 


Amos Tversky 


Cula) + (05) ]/K. Alternatively, « can bo 
chosen via {x,y} if either 61 or 02 is se S d 
in the first stage (in which case z is “This 
nated), and then x is chosen over y. (82] 
occurs with probability [u(0:) + ii 
X P(x;y)/K. Finally, x can be chosen E. 
(xs) if either p, or p» is selected WA 
first stage (in which case y is api 
and then x is chosen over z. This OK. 
with probability [u (p1) + (pz) ]P (x ji duc 
Since the above paths leading to the ch 

of x from T are all disjoint, 


PT) = (1/K)(u(es) + u (o) 
+ [u(01) + (02) ]P ( ; y) [5] 
+ Culo) + u (p) P(x; z)) 


are 
eliminated). This occurs with probability where 
[oves ular) + u (ee) + n(pi) + u (p) 
iy) war) + ulas 


More generally, let T be 
alternatives, For any A € T let A’ 
{ala € x' for some x C A}, and 40 = 
{ale € x' for all *C€A). Thus, A is 
the set of aspects that belongs to at 
least one alternative in A, and 4» is 
the set of aspects that belongs to all the 
alternatives in Ji Tn particular, 7” is 
the set of all aspects under considera- 
tion, while To jg the set of aspects shared 
by all the alternatives under study. Given 


any aspect a € T”, let A. denote those al- 
ternatives of A 


any finite set of 


which include a, that is 

Ag = fejs EA Qa € y^. 
e climination-by-aspects model asserts 
that thee exists a positive scale u defined 
on the aspects (or more Specifically on 
— T°) such that for [ 


ale EACT 
X a PEA.) 
= al 


P(x4) c «€» 
; B - L6] 
sede "O 

e denominator 


Provided th ; 
s anish, 
he summa i 


ote th: 
N ia E th n the numerator 
anc he de quation 6 range, 
respectively, over all aspects of x and A 
are shared by all elements 
Hence, the denominator of Equa- 
üon 6 vanishes only if all elements of A 
share the same aspects, in which Case it is 


assumed that P(x,A) = 1/a. 


) + u(p:) + (ps) + ulha) + ulh) + u(or) + (os) 


, etc. 


Equation 6 is a recursive formula, 7 
expresses the probability of choosing X. Š ata 
Aasa weighted sum of the probabiliter 
choosing x from the various subsets e 

ie, 4. for € x’), where the welg b- 
(.e., u(a)/ Z u (8)) correspond to the pro 


opens 3 CONES cts 
abilities of selecting the respective aspe 
of x. 


Consider a special case of the nen 
tion-by-aspects model where all poun is 
alternatives share the same aspects, that 15 
x' (y! = gl Nw for all x, y, z, w he 
Since aspects that are common to all ; e 
alternatives of T do not affect the € 
process, the alternatives can be treated for 
(pairwise) disjoint, that is, x’ (| y' P 6 
all x, y € T. In this case, Equation 
reduces to 


z, u (o) 
Püsdy-ses 
GA) Y uG 
BEA’ 3 ) 
since a C x! implies 4, = (x), and Pl 
— d. Letting 
u(x) = È ula) 
" a Ca 
yields 
u(x) | 
Peu e 
»€A 


" «est 
Hence, in the present theory, Luce 


aa 


m 
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(Equati 
Ed ation 2) holds whenever the alterna- 
tives can be regarded as composed of dis- 
Joint aspects. 
Next, exami i 
5 t examine another special case of the 
sen where only prob- 
abilities are considered. 
obtain 


binary choice 
In this case, we 


Piera) s. ET e, (a) 
DECLINE 

«€x -y BEY- 
u(x’ — y) 


—ou(x' — y) Fuly — x)! 


Where 44 
ligi d = («la € x! & ay) is 
to y; A eo that belongs to x but not 
set dt A * = (8]BC€ y &g & x’} is the 
and ik a ts that belongs to y but not tox; 
a ier Seg) = : c> u (a). Equation 
a ie with Restle's (1961) model. 
Shea. ZBA model, therefore, generalizes the 
Th models of Luce and of Restle. 
heen f, SÜntinetiun-bycanpecte model has 
c fined med above in terms of a scale u 
bisthea à id the set of relevant aspects. 
Dresup i. E met he application of the model 
Eltern E prior characterization of the 
Howey, ES es in terms of their aspects. 
fisse it turns out that this is not 
Brulee because the EBA model can be 
ated purely in terms of the alterna- 


[7] 


U(E) + UG 


)P (x; y) + UEP Os s 
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tives, or more specifically, in terms of the 
subsets of 7. 

To illustrate the basic idea, consider the 
example presented in Figure 1. There we 
assume that æ; Bp + (i= 1, 2) are all 
distinct aspects. According to the elimina- 
tion-by-aspects model, however, there is no 
need to distinguish between aspects that 
lead to the same outcome. For example, 
the selection of either a1 or a» eliminates 
both y and z; the selection of either 6; or ĝe 
eliminates 2; and the selection of either pı 
or p» eliminates y. From the standpoint of 
the elimination-by-aspects model, therefore, 
there is no need to differentiate between a1 
and as, between 6i and 6», or between pi 
Thus we can group all the aspects 


and p». 
aspects that 


that belong to x alone, all the 
belong to x and y but not to s, etc. Let 
(3) denote the aspects that belong to x 
alone (i.e., a1 and az), (5:3) the aspects that 
belong only to x and y (ie. 6i and 02), 
(x;z) the aspects that belong only to x and 
s (i.e., pı and pz), etc.” The representation 
of the grouped aspects in the three-alterna- 
tive case is displayed in Figure 2. 

The scale value of a collection of aspects 
is defined as the sum of the scale value of 
its members, that is, U(@) = u (o3) + (a); 
Cy) = (01) +u (0:2), ete. For sim- 
y of notation we write U(z) for 
J ), Uy) for U (xy etc. Thus, 
Equation 5 is expressible as 


[8] 


Where 


Psy) = 


etc, 


U@ + UG) + UGA + UGE 


The ec: 7 
ne, Gasential difference between Equations 
equation in the domain of the scales: in 
üSpects, dai. i defined over individual 
ned over Collect s Equation 8L ds de- 
associated. res Sioi of aspects which are 
, respectively, with the subsets of 


5 I n 
n this pape 
9 denote EX the superbar is used exclusively 
ections of aspects. It should not be 


Confus $ 
ed with ; 
eno - a common s m 
Ote set complement. use of this symbol to 


PT) = y + UG) + UE + UG) + UGA) F UGE 


T. The method by which Equation 5 is 
translated into Equation 8 can be applied 
in general. 
Each proper subset A of T is associated 
with the set A of all aspects that are in- 
cluded in all the alternatives of A and are 
not included in any of the alternatives that 
do not belong to A. That is, A = (a ET" 
a €x for al Ed &a € y' for any 
y EA}. Thescale U is defined by U (A) = 
Z ula). Itisshown in the appendix that 
ac 
the elimination-by 
Equation 6, holds if 
a scale U defined on {4 


-aspects model, defined in 
and only if there exists 
{,|A:C T) such 
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z 


Fic. 2. A graphical represent, 


ation of the grouped 
aspects in the three- 


alternative case, 


that for all x eu cm 
2s U(B)P(s, A NAB 
iA 


i) 
P(x,A) = EREN M a 
2 


U(A;) 
G 
Where @ = (JANA 7 A, $} 


the denominator doe: 
cording to 


[9] 


» Provided 
5 Not vanish, (Ac- 

the Present theory, the de. 
nominator can vanish only if P(x,A) 
= t/a.) The significance of this result 
ies in showing h ination-by- 
aspects mode] Ca i 


the subsets of T with 


€ to specific 

Aspects. Note that for 4 T, U(A) is not 

& measure of the value of the alternatives of 
i rather it jg 


à measure of al] the evalua- 
tive aspects that 


are shared by all the 
alternatives of A and y them only, Thus, 
(4 can be yje aS a measure of the 
unique advantage of the alternatives of A. 
he reader is invited to verify that ; 
three-alternatiye case, Equation 9 reduces 
to Equation g. 
Before 


counterexamples 
the previous section, "irst, consider 
Debreu's record selection problem Where 
T= (D,B1,Bs}, 


Naturally, the two Bee- 
thoven recordings have much more in 


common with each other than either of 


Amos Tversxy 


“of As- 
them has with the Debussy pe pe 
sume, for simplicity, that ades a 
shared by D and one of the B j cene 
also shared by the other B uec disjoint 
Can be treated as (aspectwise uted = 
of both B, and Bs. cime UD) = 
U(B:) =a, U(B,B) E Reo t d 
a+b. A graphical Histo " 
representation is shown in Figure -— 

It follows readily, under these ass 


SOR 
; ice probabilities 
tions, that all the binary choice probe 
are equal, since 


à 1 a+b 
PB Bj) = = UB SG 


= P(D; Bi) = P(D; B2) 
‘ities are 
yet the trinary choice probabilities 


unequal, since 


a+b a + b(a/2a) 
P(D; BiB.) = m + 2b 3a 4- 2b 


4 D). 
= P(Bi; B4D) = P(B2; BaD) 


In fact, as a (or a/b) 
left-hand side 
right-hand side 
according to 


= Aaraartt = 
approaches 1/2 ut 
approaches 1/4. ects 
the v koe Me oF 
model, all three records can be ope of 
equivalent, and yet the proba DUS as 
choosing D from the entire set can -Jude 
igh as 1/2 whenever Bı and Bs inc 
the same as ects, f 
econd, bte Savage's problem B, 
choosing between trips, and let T — { Bete 
P HR +), where P and R denote, me 
tively, trips to Paris and Rome, whi it is 
denotes a small monetary bonus. pet 
natural to Suppose that Paris + s the 
Paris (in the Sense that all aspects o 


Beethoven | 


a 
i ee 
l 
ssy 

4 b a+b Deby 

! | 

! | 

| | 

p J 


Beethoven 2 i 
SIS 
J " analysi 
Fic, 3, A Sraphical illustration Stee 
Of the record selection prou: 


1 


D 


[ 


s Although Ta 
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latter trip are į 
Ale other ne included in the former). On 
tm aie Paris + does not include 
B eos capa each of these trips has some 
CEN n are not shared by the other. 
ae hee + includes Rome but not 
a? relations among the four al- 
Qt es are illustrated in Figure 4. 
VPE l (P +) = U(R +) =a, and 
P+) = U(R,R +) = b, yields 
POR = 21. at. 
2b 2 2(a +b) 


= PP FR 


P(p , 
TP = PR FER) -5 =f, and 
a+b 


P 

E H R= PiR 4;P) = P 
whicl a+2b 

; bees take any value between 1/2 and 
POnus The on the relative weight of the 
Choice gr iom thie above pattern of binary 
ici ou Ma which violates simple 
depende y (Equation. 1) and any in- 
,Dendent random utility model (Equa- 


tion : 
model” arises naturally in the present 
: Essentially the same solution to 


this r 
Sibi Les (which involves only binary 
(1961 dilities) has been proposed by Restle 


clin reader is invited to show how the 

Modate pag diee i model can accom- 

Choice d he example described earlier of 

Past wie. UE tours of Europe or the Far 
h each of two travel agencies. 


C 
Onsequences 


a 25 unen discussion we assume 
Valid, eH p pue Rae Sire model is 
quences an some of its testable conse- 
ties are | 1e derivations of these proper- 
presented in Tversky (1972). 


Regular; 
*gularity : For allx € A CB, 
P(w,A) > PG,B) [10] 


R 
egularity 
arity asserts M: 
Choosing ean that the probability of 
Cannot bs alternative from a given set 
Offered set The by enlarging the 
orm of font us 1$ probably the weakest 
amg among alternatives 
Sularity seems innocuous, it is 
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Paris + 
Paris 
IEEE 
ww] 
| 
| 
a | 
l 
| 
—=-4 
l 
qi 
l 
l 
I 
eae! 
Rome 
Rome + 


Fic. 4. A graphical illustration of the analysis 
of the choice between trips. 

worth noting that the replacement of > by 
> in Equation 10 violates the expected 
preference pattern in the record selection 
problem. 

The following consequence of the 
tion-by-aspects model involves binary prob- 
Since it generalizes the 
it is called 


elimina- 


abilities only. 
algebraic notion of transitivity, 
moderate stochastic transitivity. 


Moderate stochastic transitivity : 
P(x;y) 2 1/2 and P(y;z) > 1/2 imply 
P(x;z) > min[P (w; y), PG 2)]. [11] 


If we replace min by max in the con- 
clusion of Equation 11, we obtain a 
stronger condition called strong stochastic 
transitivity. This latter property (which 
is not a consequence of the present model) 
is essentially equivalent to simple scal- 
ability in the binary case. If we replace the 
conclusion of Equation 11 by P(«;2) 
> 1/2, we obtain a weaker condition called 
weak stochastic transitivity, which is a con- 
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Sequence of the existence of an ordinal 
utility scale satisfying u(x) > u(y) iff 
Pry) > 1/2. 

The next consequence of the EBA model 
has not been investigated Previously to 
the best of my knowledge. It relates 
binary and trinary choice probabilities 
by a Property called the multiplicative 
inequality. 


Multiplicative inequality : 


P(w; y2) > P(x; y)P (x; 2). [12] 


The multiplicative inequality asserts 
that the probability of choosing x from 
(xy,s) is at least as large as the prob- 
ability of choosing x from both {x y} and 
{xiz} in two independent choices. It js 
conjectured that the climination-by-aspects 
model implies à much Stronger form 
of the multiplicative inequality, namely, 
Phx A U B)> P(x,A)P (x,B) for all A, 
BET 


Equations 10 and 12 can be combined to 
yield 
min[P (x; y), P(x; 2)] > P(x; 9,2) 


> PG y)P(x; 2), [13] 


Thus, trinary choice Probabilities are 
bounded from above by regularity, and 
from below by the multiplicative inequality. 

geometric 1 


representation of E 


uation 13 


991 


Fic. 5. A 
missible value: € trinary prop. 
ability P(x; yg) given the binary probabilities 
P(x; y) and P x; z), under Equation 13; 


geometric representation 
s (shaded region) of th 


of the ad- 


which displays the admissible ied 
P(x;y,z) given the values of TA d a 
(x; 2) is given in Figure 5. It pos 2 
the trinary probability must lie ee 
the lower and upper surf: : S genera xu 
respectively, by the ue P 
equality (Equation 12) and regul: 
(Equation 10). PRI. 
The significance of the above me 
quences stems from the fact that they ae 
vide measurement-free tests of the nni 
tion-by-aspects model, that is, tests s a 
do not require estimation of parameters. ne 
For a given set of alternatives T, t 3 
climination-by-aspects model has . ane 
free parameters, or U values (the pumps E. 
Proper nonempty subsets of 7 I ae 
arbitrary unit of measurement), ile ie 
number of independent data points o 


form P(x,A),x EA eT Wm 


E (n — »(7) = (t — 2)2t + 1. 


n=2 


Hence, there are always at least as d 
data points as parameters in the prese in 
model; the former exceeds the wes 
Whenever ; 23. In general, therefore, j^ : 
Scale values are uniquely determined : 
the choice probabilities except in uses 
particular Situations, for example, whet 
P(x,A) = 1/4 for all x & 4 c T. , ich 
Even in the case Where ¢ = 3, in ber 
the number of Parameters (five) equals ug 
number of data Points, the choice P 
abilities are Severely constrained. E 
volume of the Subspace generated by th 
Present model js less than 1/2% of E 
volume of the entire Parameter space E | 
isa five-dimensional unit hypercube. 1 s 
probability. that a point sampled at random; 


1 Taha the 
rom a uniform distribution over nt 
parameter Space, satisfies the P. t 
model, therefore, is less than .005 in 
case, 


Additional consequences and further 
developments of the elimination-by-aspects 
model are Presented in Tversky alan 
They include ? generalization of the — 
model, an eXtension to ranking, and " 
Proof that the EBA model is a rando 


m :ndenendent 
utility model, though not an indepen 
one, 


Vu 
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A dot pattern 


3.50 


A gamble 
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A score profile 


['1G. 6. ‘Typical stimulus slides from each of the three tasks. 


Tests 


uuu itat da. fin many theoretical 
See, eg., rd modeli of preference 
Suppes 1965: M ct al, 1963a; Luce & 
3) i on Marschak, 1960; Morrison, 
empirical ar aye been relatively few 
Were iu ies in which these models 
availabl 5 a - Moreover, much of „the 
and enti ata, are limited to binary choices, 
group Fs hig eae report and analyze only 
1971) 1 » (sce, e.g., Rumelhart & Greeno, 
ae Ka Jnfortunately, group data usually 
of lading one adequate testing of theories 
general e choice behavior because, in 
with m im compatibility of such data 
Sufficient, heory is neither a necessary nor a 
Bn EN Condition for its validity. (For 
oe ee illustration of this point, see 
Drink, i p. 8.) The scarcity of appro- 
tisort in an area of considerable 
the rue interest is undoubtedly due to 
quate. ficulties involved in obtaining ade- 
am ins nates of choice probabilities for 
a Gon subject, particularly outside 

€ domain of psychophysics. 
aed Consequences of the present model 
Derim ested in previous studies. In an ex- 
: ent involving choice among gambles, 
orca et al. (1963b) showed that although 
Ce ue ud (Equation 1) is sy 
tion (Ex y violated, the regularity condi- 
Simila died 10) is generally satisfied. 
tivity o S strong stochastic transi- 
Coombs, 1958; aeaa siie Efe 
‘usso, 1969) mode E 367 i SECES 
tivity was t erate stochastic transi- 
Specified condition supported. (For some 
stochastic tram itis under which moderate 
Stochastic an as well as weak 
Tversky, 1969 ) Ivity, is violated, see 
. The fact that simple 


scalability and strong stochastic transi- 
tivity are often violated while regularity 
and moderate stochastic transitivity are 
typically satisfied provides some support, 
albeit nonspecific, for the present theory. 
The following experimental work was de- 
signed to obtain a more direct test of the 


EBA model. 


Method 


To test the model, three d 
selected. The stimuli in Task A were random dot 
patterns, in a square frame, varying in size (of 
square) and density (of dots). Subjects were pre- 
sented with pairs and triples of frames and in- 
structed to choose, in each case, the frame which 
contained the largest number of dots. The stimuli 
in Task B were profiles of college applicants with 
different intelligence (1) and motivation (M) scores. 
The scores were expressed in percentiles (relative 
to the population of college applicants), and dis- 
ved as bar graphs. Subjects were presented with 

and triples of such profiles and asked to select, 
the applicant they considered the 
most promising. The stimuli in Task C were two- 
outcome gambles of the form (p,x), in which one 
wins $x with probability p and nothing otherwise. 
Each gamble was displayed as a pie diagram, where 
the probabilities of winning and not winning were 
represented, respectively, by the black and white 
sectors of the pie. Subjects were presented with 
pairs and triples of. gambles and were asked to 
choose the gamble they would prefer to play. (At 
the end of the study, cach subject actually played 
for money five of the gambles chosen by him in the 
course of the study. The gambles were played by 
spinning an arrow on a wheel of fortune and the 
subjects won the indicated amont if the arrow 
landed on the black sector of the wheel.) Examples 
of the three types of stimuli are shown in Figure 6. 


The same eight subjects participated in all three 
idents in a Jerusalem high 


rent tasks were 


ple 
pair: 
in each case, 


tasks. They were stt 

school, ages 16-18. Subjects were run in a single 

group. The auli were projected on slides and 
d his choices by checking an 


each subject indicate 
appropriate box on his r 
consisted of 12 one-hour sessions, 


ssponse sheet. The study 
three times a week, 
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for four weeks. The first two sessions were practice 
sessions in which the problems and the procedure 
were introduced and the subjects familiarized 
themselves with the stimuli of the task. 
<perimental session 
Brod of the tasks was randomized 
across sessions. 


of them.5 


The subjects Were paid a flat fee for the completion 
of all the Sessions, [n addition, 


ceived a bonus Proportional to the 
numerosity j 


each subject re- 
number of correct 


y him, and was 
for money, five gambles Selected 
hose chosen by him during the 


Results 


The analysis of 
testing the consta 
essential 
model. 


the results b 
Nt-ratio rule Which is 
Y equivalent to Luce's (1959) 
According to this rule, 


P(x;y) P(x,A) 
PO POA) HIE A, 


egins by 


[14] 


Ot vanish, 
Strong Version 
of independence from ir- 


; 5t requires that the 
) and P(y,A) (not merely 


Y simple Scalability) 
€ offered set A. 


X 13, 4/5), y= i 

andz = (28x 28, 1/5) whe t dés NIA 
cach stimulus is the size of the underlyi Y 
used to generate y d 
Ponent is the e Blatrix Grey 
contain dots, 7 125), y = (75,35) and 
2 = (60,91 and second components of 
each respectively, intelligence and 
Scores of the applicants, 
x = (1/5, 4.00), y = (174. 3.50), and z = (2/ 
where the first and second 
are, respectively, the ing and the 
amount to be won in each of the gambles in Israeli 
pounds, 
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Let T = {x,y,z ,and define 
PGT) ; 
P(x,T) + P(s,T) 
Pr 
P(y,T) + P(T) 
Hence, by the constant-ratio rule, 
P(x;2) = P,(v;z) 


P,(x;z) = 


Pi(y;2) = 


and 


[15] 
P(y; z) = Pazz). 


sh 
Put differently, the binary ieee 
P(x;z) should equal P,(x;z), MM 
from the trinary probabilities, since wd 
Equation 14 the presence of y is 
relevant" to the choice between x and z. - 
In the present study, the canes 
were designed so that x and y are mu f 
more similar to each other than arae is 
them is to z Hence, the similarity die 
Pothesis that is incorporated into da 
climination-by-aspects model predicts [s 
the addition of alternative y to the Es 
(xs) will reduce P(x,T) p 
pote than PGT). That is, the simila 
alternative, *, will lose relatively more 
than the dissimilar alternative, z, by the 
addition of X. Likewise, y is expected to 
ose relatively more than z by the introduc- 
tion of x. Contrary to the constant-ratio 


rule, therefore, the similarity hypothesis 
implies 

P(xiz) > P(e; 2) 
and 


[16] 
P(yiz) > Ply; 2). 
To test the 


; b- 
constant-ratio rule, the o 
served 


(binary) relative frequencies P (x2) 

were compared, respectively, 
With P(x; 2) and Pily; 2) computed aa 
the trinary relative frequencies, oman 
f the Subjects, The observec 
puted values for all subjects 


Dig ti ^ ree 
are shown in Table 1 for each of the thr 


tasks, 


at the constant-ratio mode, 
holds in the psychophysics 
“hat it fails in the two prefer- 
C) in the manner P 
the Similarity hypothesis (Eat ns 
: UC Of 16 individual ppg ag 
each task (two per subject), Equation 1 
Was satisfied in 13 and 15 cases, respec 


: 
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TABLE 1 


OBSERVED 


AND PREDICTE ; 
CTED PROPORTIONS (UNDER THE CowsrANT-RaTIO MoDEL) For Each Task 


SEE Task A (dots) Task B (applicants) Task C (gambles) 
P se) | 86:9 | £. D á 5 m T 
xi) | Pr(xjs)| Booey | P403 | Bee) | 56:9 | Pow | P6: | PG: | PG] Pow) | PO) 
1 
2 E E. 4S | 43 |.65 | 44 |.30 | 26 | 35 | 12 | 50 | 46 
3 oe be 35 | 33 |as [ear | 75^] .58 15:601 | 2:93 9 0S (ONT EOS 
ae 40 | 41 | 55 | .38 | 60 | 41 | .25 | 26 | 50 | 29 
5 r- m 30 | 67 | 40 | 46 | 40 | 32 |.60 A3 |.70 | 35 
2 P. 52 | 35 | 39 | 65 | 45 | 55 | 40 |.20 16 | 50 | 3H 
7 EU 39 45 | 52 | 35 | 20 | 40 | .38 65 | 54 | 60 | .44 
8 "ds -26 45 Ad 75 47 D A0 99 A2 .65 .50 
Overall . Ad as | 257 | 255 | 052 |-40: | 29 !| G55" | 535 | 70 cas 
Pro; i = 
portion .425 | .405 | .400 466 556 | .463 | .469 | .388 | .469 | .354 | .606 466 
P ns ns < .05 < 10 «01 « .01 


ti ee 
ea n ee: B and C (p «.05 in each 
Essenti rin only in 7 cases in Task A. 
addition; y the same result was found in 

al analyses. 
anas relatively small number of observa- 
individual Dos permit an adequate test of 
Served z w comparisons. Hence, the ob- 
ire n the computed choice frequencies 
Ern ed over subjects. a he results of a 
E test of Equation 15 against 
Shown on 16, based on these data, are 
Buc Ka the last row of Table 1 for each 
Sa in each of the tasks. The same 
Pooled tar from the analysis of the 
signif ae ata: the observed proportions are 
in T. cantly higher than the computed ones 
P oi B and C, but not in Task A. 

Eo the constant-ratio model is not 
o i M in general, the simplest version 
is con elimination-by-aspects model, which 
sis, oe with the similarity hypothe- 
Meme selected next. Recall that the test 
Very ut e designed so that x and y are 
tively di ar to each other while z is rela- 
Footnote ae ae to either of them „(see 
* nor y «a , Thus, we assume that neither 
do not ces with z any aspect that they 
Sequently ry "am each other. Con- 
Y all n $ from the aspects shared 
as (aspectwise) mauli, z can be regarded 
2: That is, we isjoint from both x and 
, assume that, to a reason- 


* This signi 
x s si 
with Site level should be interpreted 
etween the ob. cause of the potential dependency 
servations of each subject. 


able degree of approximation, U (x,3) = 
U(yz)-— 0. This assumption reduces the 
number of free parameters (from five to 
three) at the cost of some loss in generality. 

Let U(3) =a, U() = b, U() = 6 and 
U(xy)-d (see Figure 7). Under this 
special case of the model, there exist non- 
negative a, b, c, and d such that 


b+d 
ROH) =F ap POs?) =F bg 430 
a+d 
Pi) pate 
[17] 
jud 
Iure uu 
(rim) =p o Feta 
and 


nu meum we 

P(e; x,y) = atb+cet+d 
For three alternatives, there are five in- 
dependent data points (three binary and 
two trinary). In the absence of any re- 
strictions on the parameters, the likeli- 
hood function of the data is maximized by 
using the observed relative frequencies as 
estimates of the parameters, in which case 
the dimensionality of the parameter space, 
denoted d(9), equals five. In the above 
version (Equation 17) of the elimination- 
by-aspects model, we can set c, Say, ar- 
bitrarily, whence the observed proportions 
are all expressible in terms of three parame- 
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Fic. 7. A graphical illustration of the tested 
version of the EBA model (Equation 17). 


ters (a, 6, and d), and the dimensionality 
of the restricted Parameter space, denoted 
d(w), equals three. Let be the likelihood 
ratio L(w)/L(Q), where L denotes the 
maximum value of the likelihood function 
under the respective model, [f Equation 
17 holds, then the statistic — 2In has an 


quare distribution with 


ZPIT program was 


ikelihood 


Parameters under Equa- 
tion 17 with c — A: 


The values of the test 
Statistics are reported in Table 2, along 
with the estimates of d, for e 


ach subject 
in all tasks, 


Table 2 exhibits a ver 


Y good correspond- 
ence between the observed Proportions and 


(Equation 17) of the 
only 2 out O! 


"EST STATISTIC 
LUES Op d FOR E 


ACH 
SUBJECT IN Eaci OF THE Tasks 
Task A 


Task B sk 
s dots) (applicants) tennis) 
PERI M M pes 
d x d x d 
1 29 2479 BE -040 46 
2 89 | 1,634 .92 001 58 
3 0 159 1.18 2.022 44 
4 0 6.864* 4:91 1.053 1.56 
5 0 428 | 123 | "887 0 
6 0 405} 42| “is, 1.18 
% 0 .083 0 -304 | 1 -00 
8 0 038 37 | 1.241 1.44 
E SET See 
Not Fu 
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a correspondence between observed — 
iliti limination-by 
Probabilities and the e ily imply 
aspects model does not necessarily ae d 
that the subjects are actually iei e 
Strategy of elimination by aspects. iue: 
might, in fact, employ a different Sine 
that is well approximated by the e " xt 
tion-by-aspects model. The study e "s 
actual strategies employed by de ad. 
choice experiments may perhaps in bili- 
vanced by investigating choice pre 28 en 
ties in conjunction with other data MR 
as reaction time, eye movements, or verbé 
rotocols. oes 
p The relation between the predictions of 
the constant-ratio model (Equation e 
and the similarity hypothesis Ca 
16) can be further investigated using d 
obtained estimates of the parameter ify 
reported in Table 2. [t is easy to ies d 
that the constant-ratio model is compat a 
with Equation 17 if and only if d = 0, w D 
the similarity hypothesis implies d > f 
Hence, if the former holds, the estimates i» 
d should be close to 0, whereas if the a 
holds, the estimates should be substantiis 
Positive. (The magnitude of d should 1 
interpreted in the light of the facts that a i 
parameters are nonnegative and c — 1, p, 
Equation 17 and Figure 7.) Inspection 4 
able 2 reveals that the majority of the id 
estimates in Task A are zero, while eA 
Majority of the d estimates in Tasks B an 
“re substantially positive, This agrees 
with the results of previous analyses (sum- 
marized in Table 1) according to which the 
constant-ratio model is satisfied in Task A, 
but not in Tasks B and c. i 
Taken together, the experimental Eno. 
ings suggest the hypothesis that the 
constant-ratio model is valid for choice 
among unitary alternatives (e.g., a 
colors, sounds) that are usually evaluated 


; atives 
as wholes, but Not for composite alternative 
©-8.5 gambles, applic: 


ants) that tend to be 
evaluated in terms of their attributes bi 
Components, This hypothesis is closely 
related to a suggestion made by Luce 
(1959) . 


If we call ad 
Simpler decisio 
we ci 


Ccision that is not subdivided ‘bly 
asan elemen tary choice, then possi 
an hope to fin Axiom 1 [Luce's choice an? b- 
Irectly confirmed for elementary choices but pre 
ably not for More complex ones [p. 133]. 
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Resear M : 
on sini On multidimensional scaling based 
Shepard, 1964. or proximity, data (e.g., 
shown that ; = Torgerson, 1965) has also 
Posite ST gments of unitary and com- 
analyzable ; 3 e (sometimes referred to as 
y Sones x [uon izable) are governed 
Search, nae: Much additional re- 
assess the Win required in order to 
Proposed n idity and the generality of the 
Finally S ern 
and us ie distinction between unitary 
ependent e stimuli is logically in- 
reflected in d whether the. inconsistency 
able to idi cie probabilities is attribut- 
Conflict Pi le ect discrimination or toa 
a discussion incompatible criteria. (For 
lock & e this last distinction, see 
Choice ex .Marschak, 1960.) Although 
Belly jenperimente in paychnp/unus MIB. 
Unitary le = discrimination with 
fitis are himili while preference experi- 
among ick alr concerned with conflict 
two combi npoeits alternatives, the other 
nations also exist. 


k DISCUSSION 
lrategi, 
egic Implications 


aaier fenore of the elimination-by- 
Selecting mot el is that the probability of 
On itg E AE alternative depends not only 
tions ‘ verall value, but also on its rcla- 
This din i other available alternatives. 
in the roa to study of strategic factors 
Choice ahs and the : presentation of 
ent Eu natives. Specifically, the pres- 
ng me a method for investigat- 
9r locati ions concerning optimal design 
Maximize f of alternatives in order to 
under ie (or minimize) choice probability 
ekaine ne constraints. The following 
Scope and tc intended to illustrate the 
First. cor e natur of such a study. 
Parison, tpa er a problem of binary com- 
We search a aie y and z are given, anc 
mized under th push that P(x; y) is maxi- 
aspects in com e constraints that 5 has no 
tive, and that Fi with any other alterna- 
Y the finer ps: id and P(x; s) are fixed. 
as a Standard of straint, z can be viewed 
latter Constr of comparison. Hence, the 
Meanj straint can be int ted 
ng that the over: erpreted as 
> overall values of y and 
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of x (evaluated relative to z) are held fixed. 
Thus, only the position of « relative to y 
can be varied to maximize P(v; y). Under 
these conditions, the present model implies 
that if P(x; s) > P(y;s), x' should include 
as much of y’ as possible. If, on the other 
hand, P(x;z) < P(y; 2), x” should include 
as little of y’ as possible. The degree of 
overlap between x’ and y’ can be regarded 
as an index of the difficulty of comparing 
them. If x’ includes y’, the comparison is 
trivial, and P(v; y) is maximal. If x’ and 
y are disjoint, the comparison is much more 
difficult, and P(x; y) is less extreme. 

In the light of this interpretation, the 
above result asserts that it is in the best 
interest of the favored alternative to make 
the comparison as easy as possible, while 
it is in the best interest of the nonfavored 
alternative to make the comparison as 
difficult as possible. This certainly makes 
any increase in the difficulty of 
comparing the alternatives adds "error" to 
the judgment process and makes P(v;y) 
closer to 1/2. According to this logic, 
drastically different policies are prescribed 
depending on whether x is the favored or 
the nonfavored alternative. Advertising 
campaigns based on slogans such as “All 
as are the same—why pay more?” 
This car is completely different from 
trate, respec- 


sense: 


aspir 
and 
any other car in its class,” illus 
tively, the policies recommended to the 
favored and the nonfavored alternatives. 
Note that these policies could be employed 
in the design of products as well as in their 
advertisements. 

Second, let T = (x -,z} and suppose 
that all pairwise choice probabilities are 
fixed and that we wish to select a set 
A € T which includes both x and y so that 
the ratio P(x,A)/P(y,A) is maximized. 
According to the elimination-by-aspects 
model, the above ratio is maximized when 
A consists of alternatives (which are not 
dominated by y) that “cover” as much of y 
‘covering’ much of x. 
market A, 


as possible without ' 
If x and y are products in some 
for example, then the present model pre- 
dicts that the relative advantage of x over 


iximized when the other 
and dissimilar 


y is mà available 
products 
to x as possible. 


are as similar to Y 
The example of choice 
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among records discussed in the introduc- 
tion and the similarity effect demonstrated 
in Table 1 illustrate the point. Note that 
this maximization problem cannot be in- 
vestigated in Luce’s model (Equation 2), 
for example, since by the constant-ratio 
tule P(x,A)/P(y,4) = P(ciy)/P(y;x), x, 
y GA, and hence is independent of A. 
According to the EBA model, in contrast, 
the above ratio can, in principle, be 
arbitrarily large, provided P(x; y) #0. 
Thus, if the present theory is valid, one 
can take advantage of the so-called "Ir 
relevant alternatives" to influence choice 
probabilities, This result is based on the 
idea that the introduction of an addi- 
tional alternative "hurts" similar alterna- 
tives more than dissimilar ones. This is a 
familiar notion in the context of group 
choice. The present development Suggests 
that it is an important determinant of in- 
dividual choice behavior as well — [n 
Practice, problems Such as the design of a 
Product or aign involve 


Ne candidate, 


Constraints can be 
translated into the present framework, the 


climination-by can be used 


(or abused) a Optimal de- 
sign, or locati rnatives, 


Psychological jr nter pretation 


The EBA model 
terms of a Covert eli 
9n sequenti. 
Such Sequence of as 
as a particular st. 
9 à unique choi 
Pretation, the 


accounts for choice in 


Process based 
Any 
regarded 
hich leads 
this inter- 


choice mechanism at any 
given Moment in time js entirely deter- 
ministic ; the probabilities merely reflect 
the fact that at differe 


states ading to dif- 
ferent choices) May prevail, According to 
í "Y, choice Probability is an 
function of the values of the 

Indeed, the elimin 
by-aspects model is compe i 
despite the fact that at 


in time, the choice js assumed to follow 
a conjunctive (or a lexicographic) strategy, 
Thus, the Present model is Compensatory 


ation- 
nsatory in nature 
any given instant 
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“globally” with respect to -—— b 
ability but not “locally” with regard toa 
Particular state of mind. ETE 

In the proposed model, aspects pon 
preted as desirable features; the porate 
of any particular aspect leads to e ntain 
tion of all alternatives that do up Mee 
the selected aspect. Following tie P dual 
development, one can formulate ^n dis- 
model where aspects are deme pelo fie 
advantages, or regrets, associated wi del, 
alternatives, According to such a Wer 
the selection. of a particular aspect pi 
to the elimination of all up cce A 
contain the selected aspect. This SA by 
also based on the notion of simaan, ot 
aspects, except that here an alterna ae is 
chosen if and only if none of its er, in 
selected, Whereas in the model ae ah 
this paper an alternative is selected i sets. 
only if it includes all the selected aspe ro- 
The former model may be more epe is 
Priate when the defining. features ms a 
alternatives are naturally viewed ae is 
desirable, In choosing among et 
insurance Policies, for example, it i of 
more natural to apply the strategy, ké 
elimination by aspects to the various ping 
and premiums, treated as aes es 
regrets, than to interpret them as eh 
advantages with respect to some referen 
Points.’ TE 

Although the present model has been As 
troduced and discussed in terms of eer 
we have shown that it requires no p, 
assumptions concerning the structure ins 
these aspects. In the course of He 
vestigation, however, assumptions ua 
cerning the structure and/or the d. 
Weights of aspects were sometimes né 
troduced, [n discussing the Paris- Rong 
Problem, for example, we assumed a 

aris + (ie, a trip to Paris plus an ac ee 
bonus) includes Paris in the sense p» he 
“spects of the latter are included - us 
ormer, Similarly, in analyzing Deprea 
example, we assumed that the two sen 
cordings B, and B, of the Beethov 
Miller remarked that people seem to 
at finding what is wrong with gn uie e 
good about it, This certain y sative” 
€ who might then find the “nega 


i r more 
T “© model less objectionable or 
compatible With their way of thinking. 


x George 
better 


^ 


! 
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Symph gU. 
E cr sme k det other, 
dissimilar to eitl s Debussy is relatively 
the same assum es ie ther: Essentially 
analysis of the sn eie employed in the 
these instances hha data. In all 
the structure eiiim assumptions about 
aspects were bdo woke weights of 
basis of some pri D to s model on the 
tives. The E apa sis of the alterna- 
Strengthens the ere ug ger 
and tightens is vn RONS gl the model 
hese ed 3 iria: interpretation. 
carefully santet Ga Mur must be 
of A added 2 ed jecause the inadequacy 
interpreted e M an can erroneously be 
To pue E E ure of the model. 
following Pes s this point, consider the 
of clothing d or of choice between articles 
Bair iof any s J denote a jacket, Sa 
Bupisose ee slacks, and C a coat. 
the el : adt the coat is more valuable than 
the E ien so P(C: J) > 1/2. But since 
P(IS: CS and the jacket are well matched, 
tha oe = > 1/2, where JS and CS denote 
ess lans consisting of the combined re- 
the DR articles. Both JS and CS share 
tempt li ci S; hence one might be 
aspecte to interpret S as a collection of 
Accor li shared by the two alternatives. 
model. ing to the elimination-by-aspects 
Withers such _ aspects could be deleted 
sequ ou affecting the choice process. Con- 
tion b y under the proposed interpreta- 
tg d S, P(JS; CS) = P(J; C) contrary 
iow. ds assumptions. Further reflection, 
ever, reveals that the interpretation of 
dee collection of aspects common to both 
jack E is inappropriate. The fact that the 
dues ; and the slacks form an attractive 
gest A agis that this alternative has some 
IS in tlike properties, or that the option 
aue some aspects that are not 1n- 
ae ae either J or S alone. Hence, the 
S that the option JS includes both J and 
justify COtupaHen tr does not, by itself, 
S ed pus conclusion. that the aspects of 
with J < partitioned into those associated 
J and S alone. 


Rational Choi 
hoic " ue 
by Aspects 1ce and the Logic of Elimination 


The followi 
owing televisio 
toi n commercial serve: 
introduce the problem. “There 3 erves 
e are more 
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than two dozen companies in the San 
Francisco area which offer training in com- 
puter programming.” The announcer puts 
some two dozen eggs and one walnut on 
the table to represent the alternatives, and 
continues : “Let us examine the facts. How 
many of these schools have on-line com- 
puter facilities for training?” The an- 
nouncer removes several eggs. “How many 
of these schools have placement services 
that would help find you a job?” The an- 
nouncer removes some more eggs. “How 
many of these schools are approved for 
veterans’ benefits?" This continues until 
the walnut alone remains. The announcer 
cracks the nutshell, which reveals the name 
of the company and concludes : “This is all 
you need to know in a nutshell.” 

This commercial illustrates the logic of 
elimination by aspects; it also suggests that 
this logic has some normative appeal as a 
method of choosing among many complex 
The appeal of this logic stems 
primarily from the fact that it is easy to 
state, defend, and apply. In choosing 
among many complex alternatives such as 
new cars or job offers, one tvpically faces 
an overwhelming amount of relevant in- 
formation. Optimal policies for choosing 
among such alternatives usually require in- 
volved computations based on the weights 
assigned to the various relevant factors, or 
on the compensation rates associated with 
the critical variables. Since man's intuitive 
ational facilities are quite limited 


alternatives. 


comput 

(Shepard, 1964b; Slovic & Lichtenstein, 
1971), the above method is difficult to 
apply. 


Moreover, it seems that people are re- 
luctant to accept the principle that (even 
very important) decisions should depend 
on computations based on subjective esti- 
mates of likelihoods or values in which the 
decision maker himself has only limited 
confidence. When faced with an important 
decision, people appear to search for an 
analysis of the situation and a compelling 
principle of choice which will resolve the 
decision problem by offering a clear-cut 
choice without relying on estimation of 
relative weights, or on numerical computa- 
(Altogether people seem to have 


tions. 
the rationality of 


more confidence in 


Bii 
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their decisions than in the validity of 
their intuitive estimates, and the fact 
that the former depends on the latter 
is often met with a mixture of resistance 
appiness. 
m Re lee 3 elimination by aspects 
(illustrated by the above commercial) pro- 
vides an example of such a principle: It is 
relatively easy to apply, it involves no 
numerical computations, and it is easy to 
explain and justify in terms of a priority 
ordering defined on the aspects. Inasmuch 
as people look for a decision rule that not 
only looks sensible, but which also seems 
easy to defend to oneself as well as to others, 
the principle of elimination by 
appears attractive. 
tion, however, may 
cisions. 


aspects 
Its uncritical applica- 
lead to very poor de- 
For virtually any available al- 
ternative, no matter how inadequate it 
might be, one can devise a sequence of 
selected aspects or, equivalently, describe a 
Particular state of mind that leads to the 
choice of that alternative. 

Indeed, the Purpose of 
to induce a state of min 
maker which will result i 
the advertised product. 
accomplished by 


advertisement is 
d in the decision 
n the purchase of 
This is typically 
ing the salience 
and the availability of the desired state of 
mind. Being influenced by such factors, 
people are often lured into adopting a state 
of mind which, upon further reflection, ap- 
pears atypical or inadequate, Shepard 
(1964b) tells of ho is induced to 
‘yclopedia Britannica by 
[ uld read it in his free 
Impress his friends with his 
newly acquired knowledge, Only. after 
failing to consult the Encyclopedia Britan- 


nica for a long period of time does the 
Person realize how 


ina ria p E 

of mind was that had Ted (ites rh an 
those many dusty volumes, : 

From a normative Standpoint 
flaw in the principle of elimi 
pects lies in its failu 
alternatives retained are, in f 
to those which are elimin 

In the problem addressed by 
commercial, for instance, 


of placement Services th 


increas 


as- 
Ire that the 


act, superior 
ated. 


re to ensy 


the above 
the existence 
at would help 
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the trainee to find a job is certainly k 
desirable aspect of the advertised por 
Its use as a criterion for elimination, oe 
ever, may lead to the rejection of D. es 
whose overall quality exceeds that of i 
advertised one despite the fact that the} 
do not offer placement services. a. 

In general, therefore, the strategy id 
elimination by aspects cannot be oom 
as a rational procedure of choice. Oni “a 
other hand, there may be many MARE 
Which it provides a good approximati : 
to much more complicated compensati 
models and could thus serve as a oe 
simplification procedure. The conditi 5s 
under which the approximation is adequa le 
and the manner in which this princip 
could be utilized to facilitate and improve 


e jects for future 
decision making, are subjects for fu 
investigations. 
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and sub- 
fathe- 


APPENDIX 


a M A ' 
a eee estalishes the equivalence of 
eee ations (Equations 6 and 9) of 

ion-by-aspects model. Let T bea 


et * 
of alternatives. For each x € T, let 
S 


Thi 

S 
the ty, 
pe elir 
ite s 


p note 4 
For any EUM of aspects associated with 
CT, define A’ = {ala Ex’ for 


some x € A}, 4 ? = {ala € x' for all x € A), 
and A = {ala € xv’ for all x € A &a & y for 
any y € AJ. We wish to show that there 
exists a positive scale t on T' — T satisfying 
Equation 6 if and only if there exists a scale U 
on {A;| Ai C T) satisfying Equation 9. 

It follows at once from the above definitions 


that (4;|4; C T) formsa partition of T' — T^ 
TY belongs to exactly one 


since anya € r= 

A;. Suppose Equation 6 holds. For any 

ACT, define U(A) = u(a). By the 
acá 


positivity of u, U is nonnegative and U(A) = 0 
iff A =¢. Note that if a, 8 € B then for all 
A din. va T Ag — Af B. Furthermore, 
since (Bi|x € Bj) forms a partition of x’, the 
numerator in Equation 6 can be expressed as 


32 P (x, Ao) (a) 
a €x —A* 
b P(x, Aq) (a) 
a € Bi 


P ANB) X, "(0 


a € Ii 


x€B $4 


x€Bi $4 
xy P(«Af)B) U(Bi). 
Bi$4 


(The condition x € B 
deleted because for 


; under the summation 
any x € B; P(x, 
Af) Bi) = 0. Similarly, since (818 € A" 
— A’) = (818 € A; for some Aj such that 
A; D A and A;(1A ze. the denominator 
in Equation 6 can be ex 

E o «B- 


gcA'-A* 


a = (A45 0 A A) 


educes to Equation 


sign is 


pressed as 
x Uu) 
A;€& 
where 
Thus, Equation 6r 9, since 
» ula) P (A2) 
«catt 
i «8 
$ U(B)P(x, A (n Bi) 
— Bi EZ! C 
$i uà 
AEQ 


geA'-A^ 


uation 9 holds. 
U such that 
by the right-hand side of 
For any * € T, let 


suppose Eq 


Conversely, 
e exists à scale 


That is, ther 
P(x,A) is given 
the above equation. 
x' = {AIC T|s € Ai}, and v= U, hence 
Equation 9 reduces to Equation 6. Finally, 
if either of the above denominators vanishes, 


so does the other. 
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ith the paired- 
hich it bears a striking procedural resem- 
ning variables, 
ordinal position, 
Moreover, stimu- 


long history, but within 
Physics, As Wever and Zener (1928) have 
pointed out, the absolute 


had its origins in the work of G. T 
E; Witmer, D, 


of information whi 
the human observer €g., Attneave, 1959; 
Garner & Hake, 1951; Miller, 1956). 
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ired- 
Because absolute judgment and P endi 
associate learning represent wein ds own 
tions within psychology, each with P hen 
literature, it is easy to assume that ewe tien 
are procedurally quite different and ma alli 
tap different psychological processes as iis 
However, it is our contention that ex 
assumption is incorrect, We began mand 
plore this Possibility after noticing a oie 
formal similarity between the two parac "à by 
a similarity which has also been noted — 
Such writers as Gibson (1953), MÀ 
(1962), Bush, Galanter, and lune (S p 
and Postman (1963). A fine-grained asks 
amination of the data of these two ta e 
has led us to the conclusion that the ra 
‘semblance is more than skin-deep, à 


der- 
that common Psychological processes un 
lie both paradigms, 


METHODOLOGICAL COMPARISON 


Wever and Zener (1928) presented r 
tailed review of the absolute judgment li tha 
ture, and it js clear that at that ane isnt 
absolute judgment Paradigm was equiva yý- 
to what would now be called a el 
rating task, The subject uee fuae a 
categories provided by the experimente exe 
report the magnitude of his sensory rate 
Perience, n any trial, he was free est ne 
9r judge the stimulus using whichever 
SPonse he felt to be most appropriate. ory 

Phe introduction of information the es 
Was associated with two important chang 


| 
Iu 


aa 


1 


ABSOLUTE 
OLUTE JUDGMENT AND PAIRED-ÅSSOCIATE LEARNING 


In the absolute j 
eo ee 
Tesponses onto stimuli correct” mapping 
Was required to re imuli, and the subject 
Possible, Second respond as accurately as 
formed subj nd, the experimenter often in- 
each trial, es of the correct response after 
changed the cade procedural modifications 
som judgment t vasis in absolute judgment 
Sul, the ab. Kd identification! As a re- 
emerged with r aah judgment paradigm 
another ibne basic formal similarity to 
Method of a e gera task, the anticipation 
human-learnis A learning used in 

Both the 54 Studies, 
associate e si judgment and paired- 
rary pairin: ud methods involve an arbi- 
9f the Ns n response with each member 
Pairing, the ps set. Following this initial 
order and on imuli are presented in random 
he ue ce required to produce 
Course ther appropriate to each one. Of 
absolute (s "i typical differences between 
arning iu gment and paired-associate 
lu the ia exceptions exist sO as 
Paradigms. distinction between the two 
7, 

as fre think of absolute judgment 
associate us sensory" stimuli and paired- 
n the Blend as using "verbal" stimuli. 
üre Ordered ute judgment task, the stimuli 
and the diis along one or more continua, 
Dogs nw Ponsesiare ordered as well. More- 
that Meuse are mapped onto stimuli so 
that fe orders coincide. „This is done 
he magnit subject can judge,” that is, base 
Magnitud ude of his response on a sensory 
Stimuli See In paired-associate learning, both 
Ordered vd responses usually consist of un- 
Sver, icc vords or nonsense syllables. How- 
response. ui to demonstrate that stimulus- 
q istinetig ordering does not provide a critical 
ample "s between the two tasks. For ex- 
Deen um m following ordered stimuli have 
Sed in paired-associate learning: (a) 
Rush et al. (1963) made clear, there are a 
y used D peer enl tasks that are com- 
and magnitude pa cat including category scal- 
„restrict the euo à In this paper. we 
1 of “absolute judgments 


ident 
Specig vtificati 
el on tasks where the experimenter 


tA 
S 
number 
Mon] 


J^ Stir cS a one. E 
muli, €-to-one mapping of responses onto 
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weights and time intervals( Murdock, 1960) ; 
(b) circles varying in diameter (McGuire, 
1961) ; (c) differences in the percentage re- 
flectance of gray (Ebenholtz, 1966) ; (d) 
spatial positions (Jensen, 1962) ; (e) a two- 
dimensional array of lights (Young & Buck, 
1968) ; and (f) the number series (Eben- 
holtz, 1966). Alphanumeric characters are 
commonly used as responses in paired-asso- 
ciate learning as well as in absolute judg- 
ment. In order to test his model of paired- 
associate learning, McGuire (1961) used one 
condition in which the stimuli were nine 
circles varying in diameter, the responses 
were the numbers 1-9, and the stimulus and 
response orders coincided. Perhaps it is 


more meaningful to consider stimulus-re- 
ng as factors which are impor- 


sponse orderi 
rather than as 


tant in an identification task, 
defining characteristics of absolute judgment 
and paired-associate learning. 

The remaining differences between the 
two paradigms seem to reflect attitudes and 
biases associated with verbal learning and 
psychophysics. The task of the subject in 


paired-associate learning is to acquire asso- 
ciations between stimuli and responses. Thus 


conditions of stimulus-response pairing and 
feedback are carefully controlled. In ab- 
solute judgment, the goal of the subject is to 
judge the stimuli presented using the system 
of responses indicated by the experimenter. 
Typically he is given some initial practice 
to familiarize himself with the task and then 
is exposed to a long series of test trials, 
often without feedback. In a series of ex- 
periments involving pitch judgments, Pollack 


1952, 1953) allowed extensive practice, and 
as given throughout. However, 


ar that practice was designed 
ments rather than associa- 
muli and responses. 

f both absolute judgment 
consist of a 
nses made to 


feedback w: 
he made it cle: 
to improve judg 
tions between sti 

The basic data o 
and paired-associate learning 
sequence of categorical respo 
the stimulus series. Depending on the view- 


point of the investigator, however, the same 
raw data may be analyzed and interpreted 
quite differently. Since in paired-associate 
learning at least part of the purpose of the 
experiment is to chart the course of acquist- 


tion, performance is usually plotted as a func- 
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tion of trials, and the experiment is designed 
so as not to confound the effects of other 
manipulated variables with those of prac- 
tice. In absolute judgment, it is tacitly 
assumed that learning has reached asymp- 
tote, and usually no attempt is made to assess 
the effects of practice. To the Psychophysi- 
cist, a confusion reflects properties inherent 
in the stimulus which prevent discrimina- 
tion. The learning theorist, on the other 
hand, may regard almost any stimulus as a 
possible cue for discrimination. To him, a 
confusion is an indication that learning has 
not yet reached asymptote. 

To summarize 
and paired-associ 


has paired with each item, 
and responses are more comr 
in paired-associate 

ments, but the use of order 
exclusive to absolute judgment. 
difference between the tw 
cerns the manner in w 
analyzed and 
menter, i 


Ordered stimuli 
mon in judgment 
learning experi- 
ed material is not 


data are 
by the experi- 


1 distinctions yi solute 
d patred-associate learning. 
ROCESS Mop, OF 
Learning AN 
Juvemeny 


CHANNEL Capacrry 


Although ab 


: lgment 
associate | i 


and paired. 


» earning are Nearly identical pro- 
Cdurally, there 1S à striking difference in 
the results that 


are typically 
In Paired 


also improves With 
(eg., Hartman, 1954). 

are usually considered to 
Even after a 1 
back 


than 


1 practice 
arning effects 
unimportant, 
als with feed- 
identify more 
without error, This 


be 
arge number of tri 
» MOst observers cannot 
five or seven items 
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finding has led a number of "prre 
Attneave, 1959; Garner, 1962; Miller, ur 
to conclude that there is a fixed uppe "int. 
or channel capacity on absolute nl 
performance. However, the pure 
mechanisms which underlie this limita 
have not been clearly specified. re 
Considering the similarity Boe ru 
lute judgment and paired-associate (1961) 
it seems fitting to use McGuire's pee: 
multiprocess model of paired-asgopiate. "Re 
ing as a heuristic tool for pinpointit Anm 
locus of subjects’ difficulty in absolute j 


a aired- 
ment. McGuire’s hypothesis is that pa : 


e 
associate learning is distinguished by a 
Stages: (a) a stimulus-learning t res 
which the subject establishes a p Me 
Sponse to each member of the stimu ^ T 
(b) a response-learning phase, Ep s e 
volves integration of members e 
Sponse set; and (c) a hookup phase, in oe 
the overt Paired-associate response is é the 
ciated with the mediating response eut 
stimulus. It is perhaps fitting that Mc mid 
tested his mode] of paired-associate leari is 
using materials which are more often. -— 
Ployed in absolute judgment. His E 
Were nine circles varying in diameter, a 
the responses were numbers. Tt 
n the absolute judgment task, the r ; 
Sponses usually consist of single-digit Or 
two-digit numbers, and so response here 
should not Present any difficulty for the a 
ject. When the same responses are t 
in Paired-associate learning with ver il 3 
stimuli, learning appears to progress rar. 
and nothing like the channel capacity is e: 
countered, Furthermore, the hookup phas 


3 judg- 
should not be a problem in absolute judg 
ment, since 


same mann 
Pears to y 
difficulty ; 
ulus-learni 
as to why 
an obst 


Dimensionatity 


er as the stimuli, Thus it ne 
15 that the locus of the apu 
n absolute judgment is the d 
ng phase. The question — 
stimulus learning provides st 


acle in absolute judgment. 


: ç as 
versus Meaningfulness 
i CSS CN 
eterminanis of the Channel Capacity 


B ifference 
The most typical procedural any sspe 
tween absolute judgment and pairec t x 
ciate learning is that unidimensional sen 


-ed in the 
the responses are ordered it . 


a 


ABSOLUTE JUDGMENT 


stimuli are used ; . 
dimensional pe the former and multi- 
latter. Thus, it pss stimuli are used in the 
ute the iifent pa resonable to VEU 
acteristic of these Pa ae levels char- 
ity of the stimuli E to the dimensional- 
Information theo ae in them. In fact, the 
unidimensional se Mons suggested that 
poverished and TELL (ane perceptually im- 
shown an id a number of studies have 
greatly eae information transmission is 
of the Be aes when the dimensionality 
955; vnde rr [Erien & Hake, 
ios fiho, ones THEN Pollack & 
Nh; ps 
be 2 elle stimulos dimensionality appears to 
the eum in an identification task, 
COvaries with remains that some other factor 
Sible for e f dimensionality and is respon- 
a, 3 east part of its effect. In fact, 
uli are id number of instances where stim- 
B mp P ‘more or less easily than 
Vary n PP eum on which they 
at the sre indicate. For example, stimuli 
are niente of a unidimensional continuum 
luigi & E judged quite accurately (e.g. 
Soins set idorsky, 1958; Murdock, 1960). 
arger-thar of unidimensional stimuli yield 
Citas oe values of information 
angle d lu The channel capacity for 
Sidorsk inclination is 45 bits (Muller, 
Which - dotem cie Alluisi, & Fitts, 1955), 
tion or = responds to the perfect identifica- 
denti ro. 23 items. Most subjects can 
1 Br 1-13 hues (Chapanis & Halsey, 
Varyin onover, 1959), but only 3-5 items 
1955) 5 1n brightness (Eriksen & Hake, 
ri Oudness (Garner, 1953), or pitch 
Siege] p 1954; Pollack, 1952, 1953; W. 
there ^ 972). With the pitch continuum, 
Some SIE large individual differences, and 
Subjects appear 
"rli. frequencies without 
Which (1959) cites an unpublished study 
le dhert individual with “perfect pitch, 
Was cias master of a symphony orchestra, 
able of transmitting 5.5 bits, à level 


qui: 
al 
Ones, ent to the perfect identification of 45 


The 


mension 


error. 


identi i s4 
al ntification of complex, multidi- 
immediat stimuli is not always as easy Or 
€ as one might suspect. Corcoran, 
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Carpenter, Webster, and Woodhead (1968) 
attempted to teach eight groups of subjects 
to identify 14 simulated engine noises, using 
a variety of training procedures. All groups 
showed continuous improvement with prac- 
tice, but even on the tenth and final session, 
no group exceeded 50% correct. Similarly 
Webster, Carpenter, and Woodhead (1968) 
manipulated the harmonics present in buzz- 
type tonal patterns, using both discrimina- 
tion and identification tasks. Nine complex 
sounds were presented, and the subjects 
were quite accurate at discriminating dif- 
ferences between them. However, even 
though there were 12 identification sessions, 
the percentage of correct responses did not 
reach 40% on any one of them. This level 
of performance is on a par with the lowest 
channel capacities found for unidimensional 
continua, and is substantially worse than the 
accuracy of identification of hue and of angle 
of inclination. 

It is clear that stimulus dimensionality is 
far from perfect as a predictor of identifica- 
tion performance. We feel that there is a 
variable which is at least partially correlated 
with dimensionality, and which is respon- 
sible for much of the variance in absolute 
judgment and paired-associate learning. 
That variable is stimulus meaningfulness, 
a factor which has been studied extensively 
in the learning literature. Traditionally, 


meaningfulness has been defined as the per- 
centage of subjects who respond with a ver- 
timulus during a fixed 


bal association to a S 
time period (Archer, 1960; Glaze, 1928; 
Hull, 1933; Witmer, 1935). Meaningful- 
ness has also been operationalized in terms 
of the mumber of associations given to an 
item during a standard time period (Noble, 
1952), and in terms of rated association 
value (Noble, Stockwell, & Pryor, 1957). 

Tt is often found that high-meaningful 
produce more rapid learning in 


paired-associate learning than low-meaning- 
ful items. According to Martin (1968), the 


greater effectiveness of high-meaningful stim- 


uli is not the result of their ability to elicit 
associations, as traditional 


a large number of a 
measures imply; rather, Martin feels that 
the critical factor is that high-meaningful 


stimuli 
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items tend to elicit the same association from 
trial to trial, that is, variability of encoding 
is low for such items. Paivio (1971) has 
also questioned the traditional definitions of 
meaningfulness, and he has developed a 
theory of meaning in which an item’ 
to evoke an imaginal code pl 
role. Moreover, Paivio has sl 
imagery dimension is highly c 
traditional meaningfulness me 


appears to account for 
stimulus meanin: 
learning. 


Regardless of which definition of meaning 
one prefers, it is evident that the sensory 
stimuli usually used in absolute judgment 
would fall at the extreme low end of the con- 
tinuum, Unidimensional stimuli are seldom 
encountered outside of the laboratory, and 
subjects seem to have few overlearned asso- 


ciations, either verbal or imaginal, to simple 
Sensory stimuli. In fact, using any of the 
above definitions, mos 


t unidimensional stim- 
uli would approach ze 


s ability 
ays a central 
hown that the 
orrelated with 
asures, and it 
most of the effect of 
gfulness in paired-associate 


r pronunciation 


Because of the ubiquity 
of names and labels with verbal stimuli, these 


associations have largely been ignored, but 
with Sensory stimuli, the availability of 


names and labels is not to be taken for 
granted, 


While most unid 
characterized as e 
fulness, there are some s 
which may be reliably label 


can name at least the vert 
when judgi 


limensional stimul 


i may be 
xtremely 


low in meaning- 
ensory continua 
ed. Most of us 


"There 
ames associated 
-enneberg 1957), 
pend on the cul- 


Care, 1963; T 

and these distributions de 

ture one grows up in (Lenneberg 1961) 
m s Im * - . 

Individuals with “perfect Pitch” use note 


names corresponding to the diatonic scale to 
identify tone frequencies, 


When prior associations are 
the subject, an identification t 


involve original learning, 
of training, 


available to 
ask does not 


but rather transfer 


Associations which are already 
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fofnI Vv 
present can mediate the acquisition di 
responses. The existence of bs dicated 
processes in absolute judgment is M eni 
by "bumps" in the performance curve E 
certain stimuli are judged with high a aha 
racy. “Bumps” have been observed pee 
judgment of hue (Eriksen & Hake, Ina 
Volkman & Engen, 1961), angle of aoe 
tion (Muller et al., 1955), and i Sa 
polation (Levett, 1952; Nash, pen 
1967), but are not found in most other € 
tinua. These "bumps" seem to repre ime 
stimuli which are namable, such as of 
vertical and horizontal, and the Lar. 
a line. It is interesting that the adm 
sional continua which are associated Bi zi 
names and labels also have the highest en 
nel capacities, while the multidimens! e 
stimuli which are the most difficult to Pal 
or identify seem to lack consistent no 
associations. Tt is our hypothesis, Hg. 1 
meaningfulness is a better predictor © ing 
solute judgment or paired-associate eg at 
performance than dimensionality, and th? 


d - of 
most sensory stimuli are at the low end 
th 


Ne meaningfulness continuum, 


k 4 «val 
Meaningfulness and the Retention. Interva 


Our characterization. of absolute ie 
ment stimuli as ultra low meaningful Fang 
in heuristic value if we can specify A 
more detail the mechanisms by which m 
ingfulness influences identification Pen 
mance. An experiment by Martin and Me 
(1970) demonstrates that with ag 1- 
syllables as stimuli, meaningfulness in ; 
ences the ease with which items are ae 
in memory. Tn their study, 160 yer te 
Were presented twice each in a continu n- 
recognition task. Three levels of ec 
ingfulness were employed in a eer ee 
groups design. On each trial, the S or 
indicated whether the trigram was old zac 
"new," and successive occurrences of S 30 
stimulus were separated by 1, 3, 6, 15.6 E 
intervening recognition trials. The duc 
of the Martin-Melton study are rapti Dues 
in Figure 1, Here, performance ae a 
Corrected for false positives is plottec with 
function of the retention intervals brief 
Meaningfulness as the parameter. 3 cared 
retention intervals, meaningfulness apP 


aS 


E 
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to have ]i ; 
But as EL on recognition accuracy. 
Increased, the rat mor intervening items was 
Proportional to e of forgetting was inversely 

omm meaningfulness. 

Stimuli hypothesis is correct, and sensory 
: i generally approach ze > a ry 
ness, then we pproach zero meaningful- 
Martin-Melton date. extrapolate from the 
items are subi data and predict that such 
number of ee to rapid forgetting. A 
ment bea! a: ibis using relative-judg- 
‘he selative- indore its that this is the case. 
nition-memory Emeni task becomes a recog- 
delay betw y paradigm if there is a time 
stimuli, fe een the standard and comparison 
decision r then the subject must base his 
ceived meee difference between the per- 
membered A the comparison and the re- 
between Aa De of the standard. _The time 
Uli has be standard and comparison stim- 
Short-tern en varied in studies investigating 
1970. Wi memory for pitch (Massaro, 
(Kinchta uw ied í poo, loudness 
Visual mover DEUS Yi Tanner, 1961), 
visual positi nent (Kinchla & Allan, 1970), 
Position (Jol (Allan, 1968 ,and kinesthetic 
969). Ti pies Chatelier, & Mocharnuk, 
Servers’ a al or these experiments, the ob- 
the cours y declined rapidly during 
over, Se o the retention interval. More- 
ing the f ate of forgetting was greatest dur- 
he Sn. few seconds after the offset of 
y andard. 
e predicted that low-meaningful 
tively ta imuli are difficult to store effec- 
iden memory, and this prediction re- 
t kemane © support from the available data. 
tions te be demonstrated what implica- 
identificar; inding has for performance in an 
has e task. Martin (1967a, 1967b) 
between nstrated an important relationship 
Mance in recognition memory and perfor- 
the ded c learning. Using 
Eo LS Martin required his 
trial as “old” samy the stimulus on each 
barede nA new” before making the 
those trials ux response. He found that on 
recognize the reece the subject failed to 
Of a correct a3 imulus term, the probability 
From Máttin'a datis a to chance level. 
Tecognition is secede Gites that stimulus 
tion, ary for correct associa- 


LO 


(P-FP)/(I- FP) 


p' 
D 


136 15 30 
NUMBER INTERVENING EVENTS 


Fic, 1. Proportion of correct recognitions cor- 
rected for false positives (FP) as a function of 
number of intervening items and meaningfulness. 
(Reprinted with permission from an article by E. 
Martin and A. W. Melton published in the Journal 
of Verbal Learning and Verbal Behavior, 1970, 
Vol. 9. Copyrighted by Academic Press, 1970.) 

e is depend- 


Since recognition performance 
e would ex- 


on the retention interval, on 


ent 
pect to find short-term memory effects in an 
identification task. Peterson, Saltzman, 


Hillner, and Land (1962), Atkinson and 
Shiffrin (1968), and Calfee (1968) are 
among those who have shown that perfor- 
mance in paired-associate learning is an in- 
verse function of the retention interval. In 
an identification task, the retention interval 
is determined by the time between successive 
presentations of a given pair. Other stim- 


ulus-response pairs occur during this inter- 
yal, and thus time covaries with the number 
of intervening items. 

In the absolute judgment paradigm as well 


as in paired-associate learning, the stimuli 
nd the 


a random sequence, à! 
an uncontrolled variable. 


mulus repeats itself, and 
information in mem- 
rialinterval. More 
ber of intervening 


are presented in 
retention interval is 
On some trials, a sti 
the subject must store 
ory only during the intert 
often, however, the num 
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t 
8 N=9 
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50 


40 
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Number of Intervening Items 


Fic. 2. Joint effects of the retention interval 
and the number of alternatives in the judgment of 
€ from an article 


>3 


Here, the sub- 
over a corre- 
time, and with 
nuli we might 
to occur, 

interval in ab- 
recently examined in a 
s (W. Siegel, 1972), and 
it was found that all i i 


In this 
judged sets of five, 
frequencies, 


ode of feed 
€ of previous abs 
les (e.g., Pollack, 1952 

performance was examined separately for 
each retention interval, ligure 2 demon- 
strates that at the briefest retention interval, 
subjects seldom made any 


errors, but after 
only one or two intervening items, 


gment pitch 
» except that 


» accuracy 
was reduced to its lowest level. This rapid 


drop to asymptote is quite unlike the more 
protracted intervening-items eff 


ect observed 
in paired-associate learning with verbal stim- 
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uli (eg, Brelsford, a X 
Atkinson, 1966). Forgetting in both iie 
judgment was found to result from e from 
passage of time (temporal decay) a To. antl 
the interfering effects of listening lic 
judging other tones during the. i» rele 
interval. Furthermore, when subjects over 
not required to store pitch a et 
time in absolute judgment, D a 
as precise as that found in “discrimine 

sks. SE 
Ne have characterized the simple a 
stimuli typically used in absolute ag i 
as ultra low meaningful, and this piect 
the prediction that they should be "i E 
to rapid forgetting. The ud 
Strong retention interval effects in up mca 
judgment seems to confirm this hypo! level 
and provides an explanation for the low bale 
of performance characteristic of this ee 
While subjects were capable of great inh 
racy in absolute judgment on repeti ief 
trials where the retention interval was a 
such repetition trials occur relatively sinit 
quently, depending of course on the nun vw 
of items being judged. Thus, overall ee 
solute judgment performance primarily tee 
flects the subjects’ ability to differentiate 
stimuli under conditions of high peppers 
load, and under these conditions, even xo 
tive judgment performance with senso 
stimuli is greatly impaired. 


Channel Capacity Reconsidered 


So far we have limited our discussion of 
retention interval effects in absolute bei 
ment to one dependent variable, peut 
accuracy, However, it is common pi to 
to apply the tools of information Oe ie 
absolute judgment data and to a in 
amount of information transmitted ern is 
the subjects’ responses. Tt is when t enon 
done that the channel capacity phenom are 
becomes apparent. When FH, geen. 
plotted as a function of stimulus in crea 
tion (H,), transmission scores nan ODE 
at a maximal rate and then remain vag Hi 
as H, is made large. The agp of 23 
appears to be in the neighborhooc h judg- 
bits under optimal conditions in pite 


k. 
3 pollac E 
ment studies (Hartman, 1954; 


E 


e 
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1952, 1953 
J S sud 
accurate M ela a etalyalent to the 
An attractiy f * Es anly Hye EMS 
theoretic e feature of the information 
1 approach i : 
to remain relati is that H, values appear 
ia ntimber wi denne over changes 
às the range ai he aei e variables, such 
and ied » spacing of stimuli, practice, 
Sven the ie eei Ion; Millet, 1956). 
Val on absol tects of the retention inter- 
(W. Siegel ae ores accuracy scores 
ory load omes ), and given that the mem- 
Judgment, it Es rom trial to trial in absolute 
spa de would be interesting to see if 
n. fact eis by retention effects. 
absolute jt "en average retention interval in 
Measure J^. e i is confounded with the Hs 
Solute judg nformation theory. Since the ab- 
of a hes ak experiment usually consists 
the probs t sequence of equiprobable stimuli, 
after Y d of an item repeating itself 
r I/N)*. hes trials is equal to (1/N) 
ulus deren where N is the number of stim- 
Vening Poor NS The mean number of inter- 
Conditions r^s simply N — 1. Under these 
Monotonicall s= log, N, and thus IL 15 
tion Reed related to the average reten- 
While i+ t 
Sci. is true that Hs is confounded with 
still ye aguas of intervening items, it is 
ing Tis: e to manipulate H, while hold- 
Was done etention interval constant. This 
pàřate AI . Siegel, 1972) by generating 
Scores for nfusion matrices and transmission 
and the p each number of intervening items, 
May be esults are shown in Figure 3; Jt 
Tepresented | that overall performances as 
Proximate], by the heavy line, remains ap- 
32 to 3 i constant as H, varied from 
Which haa be bits. This is the same result 
judgment een found in many other absolute 
Preted as studies and which has been inter- 
Toweve;. evidence for a channel capacity. 
Separately ue transmission is examined 
invariance or each retention interval, the 
tion (conse api) and at short reten- 
is made (enn H increases rapidly as Hs 
in that at the Dri ve most interesting finding 
fuu study, HL eM iiri interval used 
Dun oo ali levels ord approached maxi- 
on ipn intervals " Hs. Only at longer 
Ormation tr: ‘Was the classic limitation 
ansmission observed. Thus 
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| Af Int. Item 
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3. Joint effects of stimulus information 
and the retention interval in the judgment of pitch. 
( Reprinted from an article by W. Siegel published 
in the Journal of Experimental Psychology, 1972, 
Vol. 94. Cor righted by the American Psycho- 


logical Association, 1972.) 


Fic. 


annel capacity ap- 


the absolute judgment cl 
hort-term mem- 


a limitation on $ 


pears to be 
ry stimuli. 


ory for senso 


JUDGMENT AND 


;cTS IN ABSOLUT 
b AIRED-ASSOCIATE 
t, we have discussed the 
stimulus dimen- 
nd the retention 
absolute judgment and paired- 
It is our contention that 
o tasks in parallel, one 
empirical phenomena, 
and in addition it may be possible to rein- 
terpret some of the major findings. Now 
we will consider another phenomenon which 
is common to both absolute judgment and 
paired-associate learning, the ubiquitous in- 
verted-U-shaped error distributions, or end 
effects. 

In the absolute judgment expe 


stimulus set 
Stimuli at the ends 


Exp I 


LEARNING 


Up to this poin 
role of such variables 
meaningfulness à 


sionality, 
interval in 
associate learning. 
by viewing these tw 
may observe similar 


riment, not 
all members of the are judged 
with equal precision. 
of the continuum are identified more accu- 
rately than those in the middle. This “end- 
f * effect, as it is referred to in the 
literature, appears to bea 
since the same physi- 
much more often 


anchoring” 
absolute judgment 
context effect, 


genuine 
fused 


cal stimuli are con 
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when they are placed in the middle of the 
stimulus range than when they are end 
items (W. Siegel, 1972). : 

Although the terminology used to depict 
them is different, end effects a 
vade the field of verb 


along sensory (Murdock, 1960), numerical 


Spatial (Jensen, 
or temporal (Rubin & Brown, 


, response 
ordering have been varied independently, 
ata of Ebenholtz (1966) Suggest that stim- 


ordered stimulus set (DeSoto & Bosley, 
1962; Pollio, 1968 ; ollio & Draper, 1966). 
number of theor: Ji 


d attempt 
Position effects, 


is that subjects 


was ruled out W. 
strating that 


erpretation 
by demon- 


A second plau 
stimuli are conf 
eralization can occur in only one q; 
the ends, and j i : 
This view is implicit in a number of theories 
of judgment (e.g. 


S., Thurstone, 1927. 
son, 1958). Although this 


sible theory js that the end 


Torger- 
“unidirectional 
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tractive 
error” hypothesis is simple pud ke (1987) 
an experiment by Eriksen and ie "hes 
Suggests that it is also incorrec : which 
authors used a series of 20 hues y Hed: 
the end points were not clearly n EE 
Since extreme violet is more similar aim 
treme red than either of these hues d 
Say, yellow, one can think of the n m 
nuum as forming a closed circle. The ee 
rectional error hypothesis would not pr but 
a bowed error distribution in this e 
Eriksen and Hake found the usual mes na 
position effect, However, in their pea 
ment, the most accurate performance side 
found with stimuli at the ends of es 
sponse continuum, that is, with which 
stimuli were labeled 1 and 20. A 
Eriksen and Hake have put p 
theory of their own in which memory Lon 
cesses play an important part, and ds ad” 
they have named the “subjective stanc ne 
hypothesis, According to this theory, so 


A stored in 
members of the stimulus set are store 
memory and 


Pene: : ub- 
the remaining items. Typically, the s 


the stimulus conti- 
e standards. How- 
auli lacks Ee 
ubject may adopt a differen 
mnemonic strategy, e 

t is interesting that Feigenbaum s 
Simon (1962) have Proposed a theory of t h 
Serial position effect in verbal learning whic x 
is Somewhat similar to the subjective d 
dard hypothesis, Feigenbaum and Bin. 
he subject is not wo 
of the items in a ees 
raining, he picks the pu. 
usually those at the qu 
nts at which to begin d 
Although it was ee 
ng, the theory might d y 
associate-learning tasks es 
al, and to the absolute juc B 
as well. Both this theory EA 
at of Eriksen and Hake imply that ee 
subject adopts selective rehearsal d apt 
based on the saliency of the us 
terials, and both postulate memory ques 
nisms to account for end effects. If pns 
of argument js Correct, then when me 


of Processing aj] 
list at the Start of t 
distinctive items, 
of the list, as poi 
learning task, 

for serial learni 
apply to paired- 
ordered materi 


ment situation 
th 
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factors ar T a 

is danes minnak, the endvetfeci 
An attempt was 
esis (W. Sepa” s js test this hypoth- 
solute judgment z 2) b. examining ab- 
Where no tempo be pea: Pact conditions 
An experiment ra meten roni Wes See 
Jects judged its of fi conducts "ee Sub- 
teuen is fedi 6; = en, and nine tone 
case in absolute em As is always the 
interval varied x. n the retention 
the minimu m tria . to trial, but here 
misto im retention interval was zero 
mance amen items/.00 second). Perfor- 
shown = pem: at each ordinal position is 
Stimulus set igure 4 for each of the three 
racy cage. ies expected, U-shaped accu- 
iridis whee s M. ere found on nonrepetition 
pitch E Hie subjects were forced to store 
tion trials neuen in memory. But on repeti- 
teqüiked P here no temporal retention was 
aS gh s fie end effects were just as large 
e nrepetitions. This finding was en- 
eres reci and it provides strong 
Ordina] against a memory theory of the 
Takers Position effect, such as Eriksen and 
t S subjective standard hypothesis. 
show "s puzzling to us that subjects 
Ss SUP RUE effects under conditions of 
2 m nory joad in an identification task. 
sis, "ess unidirectional error" hypothe- 
of ‘ree lost favor as a result of the work 
to Seng and Hake, should be subjected 
sibility I experimental test. Another pos- 
E onc. that the ordinal position effect is 
i "es perceptual phenomenon represent- 
ea AM strategy on the part of 
only S. At the moment, though, one can 
" won dde that more research is needed 
elusiy rity the nature of the pervasive and 
E end effects in absolute judgment and 
"associate learning. 


ORGANIZATION, CHuNKING, AND 
STIMULUS IDENTIFICATION 


eR T PERE ; ; 
quare in this paper, we described Mc- 
lard ME ga model of paired-associate 
aepo and used that theory as a heuristic 
qos A pinpointing the locus of the sub- 
task ‘Giiheulty in the absolute judgment 
ae i s a model of paired-associate learn- 
id S, however, McGuire's Sekema dis 160 
imple because it fails to make explisie if 
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O—oO REPETITIONS 
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o 
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= 
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Fic, 4. Joint effects of the retention interval 
and ordinal position in the judgment of pitch. 
(Data are shown separately for repetition trials— 
0 intervening items/.00 second—and nonrepetition 
trials.) (Reprinted from an article by W. Siegel 
published in the Journal of Experimental Psy- 
chology, 1972, Vol. 94. Copyrighted by the Ameri- 
can Psychological Association, 1972.) 


role of cognitive and organizational strate- 
gies which subjects seem to adopt when they 
are asked to learn a paired-associate list (cf. 
Battig, 1968; Mandler, 1967). Subjects 
routinely search for some rule or coding 
strategy which will allow them to generate 
the correct response upon presentation of 
the stimulus (e.g., Prytulak, 1971). More- 
over, there is also evidence that rules are 
generated to structure the list into meaning- 
ful subsets of items. For example, Brown 
and Battig (1966) have shown that paired- 
associate learning lists may be grouped into 
sets of learned versus unlearned items, while 
Segal and Mandler (1967) have demon- 
strated that subjects may organize items in 
paired-associate learning on the basis of 
whether they are stimulus or response terms. 
According to Miller (1956) and Mandler 
(1967), organization or “chunking” allows 
one to overcome the initial limitation in any 
learning task imposed by the span of imme- 
diate memory. 

While organization and chunking have 
seldom been referred to as such in the 
absolute judgment literature, there seems 
little doubt that these phenomena may be 
important there as well as in paired-associate 
learning. When the stimuli are spaced along 
a single continuum, then the obvious means 
of organizing the stimulus set is to partition 
the continuum into segments. This may be 
accomplished in several ways, one of which 
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the Journal of the Acoustical Society of America, 


1953, Vol 25, Copyrighted by the Acoustical So- 
ciety of America, 1953.) 


is to provide the sub 


ject with objective 
reference points or standards on each trial. 
Pollack (1953) used Objective reference 


tones in a Study involving absolute 
of pitch, and his results 
Ure 5. Improvement 
sulting from th 


judgments 
are shown in Fig- 
in identification re- 


tion of the st 
The greatest g 


to partition the stimulus continuum into 
equal subsets, Moreover, performance Was 
raised not only for the 


stimulus with the 


Same pitch as the ard, but for adjacent 


tones as well, 
Instead of 
9n each trial 
might attempt to develop ; 
points, Or subjective Standards, 
training, Cuddy (1968) has demo; 
raining Procedures w 


stand, 


Providing ob 


jective Standards 
» as in 


ack's Study, one 
mnemonic anchor 
through 
nstrated 
hich permit sub- 
lus set are much 
t al absolute judg- 
1 i Two Sroups of subjects were 
Siven eight train; Sessions in which they 
judged 10 tones of Varying frequency, and 
note n as responses, One 

judgment 


al absolute 
for all stimuli, The 
iven feedback for only 
the musical note eA Which was 

e frequency. For the A-training 
group, the proportion of A’s was progres- 


an norm 


ames were used 
group was given typic: 
practice with feedback 
second group was g 
one item, 
the middl 
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-— . m 
sively reduced from an initial level of .40 


the subjects became more proficient 


"s experiment are 
The results of Cuddy's pisi ie 
"NM z retest, 
shown in Figure 6. On a pr y 
= But on a et 
à special 4 
training test, the group given a cuum 
training greatly surpassed the apeniei, ro 
in the identification of all tones, par : as a 
It appears that the note “A E Pubs 
acquired standard which allowed E "d two 
jects to bisect the stimulus set into bes 
Instead of showing the iii 
-shaped ordinal-position ate SH ssi 
i strated a. double-U-shap 
ing group demonstrated This chunking 


groups did equally well. 


A. 
segments. 


function anchored on A. coe og aD 
of the pitch continuum was obviously aati 
ficial, as it raised performance to a 


ically in 
higher level than that found typically 
absolute judgment. 


Instead of attempting to train ies ipa 
standards, as in Cuddy's experiment, dur 
might take advantage of the subject's p ali 
learning history by using specific SUM - 
Which have well-established d 
We have previously characterized nm 
stimuli as high in meaningfulness, and br ie 
mention was made of "bumpy" ordinal post- 
tion effects which are found when high- 
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Oe 1) Provides an excellent. illustration of 
to € use of meaningful sti bc ^ g 
Organization of giul stimuli may lead 
Standard abs 1 : the stimulus set. In a 
tangles Seen ute judgment iask, 15 rec- 
as stimuli. ae, only in height were used 
mally, such 1 numbers as responses. Nor- 
the usual | 2 set of stimuli would produce 
Erst cae ordinal position curve 
Periment, o z the end points. In this ex- 
Was unique ne of the rectangles in each set 
equal, Tha in that its height and width were 
ably and lat rectangle could be labeled reli- 
Menter Ca as a square. The experi- 
Square to aig bring the existence of the 
Square was is subject’s attention, and the 
lé same is assigned a number response in 
Series, a Way as the other rectangles in the 
Venea ring to ordinal position. 
bis ai data are shown in Figure 7. 
the ordinal nat the square tended to raise 
'™provem position curve, and the greatest 
Middle į ent came when the square was the 
eei Under these conditions, the 
dy use the square as a reference 
Ti sion ea the stimuli into two sub- 
cintraul ectangles and tall rectangles. 
ordinal 2 „Obtained a double-U-shaped 
Which ce curve under conditions 
nm Bus itated organization, and this is 
Where a the results of Cuddy’s experiment 
"plicit de stimulus set was bisected by an 
7 ees 
1982. interpreted the findings of Pol- 
93), Cuddy (1968), and Weintraub 
ed demonstrating organization or 
ur S absolute judgment. An experi- 
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Bion e view and suggests that 
Sa Cognitiv is stimulus continuum repre- 
& Telardates e strategy. Spitz had groups 
oF à M controls judge the post- 
ute judgme er on a line in a standard ab- 
Contro] ent task, As one might suspect, 
bly OEC Subjects jenfor. dat Sider- 
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s finding to the fact that 
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a pronounced peak in the middle 
actice trials. It appeared 
that this group was mentally bisecting the 


line and forming a conceptual anchor at the 
1 control group equated 
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after about 30 pr 


midpoint. A seconc 

for mental age with the retardates de- 
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f an objective 
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curve while an objective 
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the degree of organization of the stimulus 
continuum in absolute judgment depends on 
the subjects intellect, and that even with 
more intelligent observers, practice or fa- 
miliarity with ihe stimulus set is required 
double-U-shaped ordinal position 
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It from a cognitive 
some perceptual 
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standard correspc 
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double-U-shaped 
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factor inherent in the stimulus. Tt appears 
then that, given the Opportunity, Subjects 
will exhibit the same kinds of organizational 
behavior in dealing with the sensory stimuli 
commonly used in absolute judgment as 


when they are asked to learn verbal ma. 
terials, 


PRACTICE EFFECTS ANp PERFECT Pirca 
Needless t 


performance 
in paired-associate learning is ir 


iitially quite 
limited, subjects very quickly learn to 
identify large numbers of items. On the 
other hand, the co; 
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y adequate docu- 
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sa Wo aat 

with a variety of data which nia 
pu. UN dis qx eee EUG 
experiences (e.g., Boggs, 1907; RA 
1883; Van Krevelen, 1951). V with 
account for the finding that mel 
perfect pitch are no better at rator cona 
or remembering pitch differences ine fre- 
trol subjects when ee icd m, 1954; 
quencies are used as stimuli (Bachem, 
J. A. Siegel, 1972). de 

Until recently, however, those wri ate gif 
feel that the phenomenon is an ym thel 
have been able to point to the fac 
xperimental 
T appuie successful. Now vail 
evidence that the traditional training I * 
Cedures are not the most effective eda 
low-meaningful sensory stimuli. E id 
(1968) found substantial veces cr 
the identification of pitch using a nae of the 
ing procedure which led to occi la de 
Pitch continuum, a procedure which 
scribed earlier, Be fect! 
ployed Cuddy’s method to acquire per 
pitch, 
tened to 


1 of this 
presented piano notes, and at the end 


; n 
i nd tone O 
time he was Correct to within a wer jns 
7% of the trials. This is vane aos 
Pressive when one considers the co : 


4 r day]. 
of testing; notes were presented ae level] 
ne morning, and thus the hig 


early in th tc 
J red t€ 

of performance that Brady oe ie good 
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relative pitch, 


then, 
t seems reasonable to conelyds, stim- 
that the identification of unidimensiona 


sit. 3 
: n raining, 
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. soe 2 s 
especially when training leads to org 


‘viduals 
tion of the stimulus set, and that an 
with perfect pitch have approached the upp“. 
end of the learning curve. " good 
(1959) Points out that subjects ine 
relative pitch are capable of transmi! the 
three to four bits of information. Mw 
level of performance which is usually t the 
to be typical of absolute Judgmep n—i" 
“magical Number seven” pum stage 
fact Tepresents Performance at an wer fee 
of practice, The concept of a fixec 


i r ite 
attempts to train perfect p d) 


Brady (1970) has e 


4 rady lis- l 
Over a period of a year, Br oe et j 
and tried to identify rat ; 


save | 
Indeed Attneav 
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CONCLUDING STATEMENT 


In this 

| Strate that | we attempted to demon- 
^|, associate learn =e judgment and paired- 
(^ digms, Absol Ps are highly similar para- 
acterized as a ute judgment may be char- 
l (earning in bh caps case of paired-associate 
Fire ordered vhich the stimuli and responses 
stimuli in eire responses are assigned to 

1 & formal cutee ee Not only is there 
` gent and BRA between absolute judg- 
nt SO share a Mes, aaa ga learning, but they 
Such Variables pet of common phenomena. 
the retention B - stimulus meaningfulness, 
‘Practice au s val, ordinal position, and 
oth tasks Eo to have similar effects in 
:effect dua on cen the fact that the same 
"theoretical ie ee different names and 
Ment and Ee pretations in absolute judg- 
One me OMNE learning. — 
an increase 1 ot our attempt at integration is 
ory i d emphasis on learning and mem- 
deed, ee in absolute judgment. In- 
N. Siegel p. of the available data 
all of the 4 MR), it appears that virtually 
| judgment bar gr in the typical absolute 
This as de udy is attributable to forgetting. 
“Solute Bo ogi surprising since the ab- 
[| chophyss gment task developed within psy- 
have s and absolute judgment data 
) same been used in the development of 
| Cal scales scales, Presumably, psychophysi- 
ees should reflect the rules by which 
energy me d systems transform physical 
Used e nd not the particular methodology 
O obtain them. If this goal is to be 
unded ME effects must be uncon- 
ated to aes phenomena more directly re- 
ine $a operation of the sensory systems. 

a E a ago, Miller (1956) wrote of 
appear mune ee seven which seemed to 
apparent a e unexpectedly in a variety of 
data, a> Unrelated sets of experimental 
the cuit De judgments, rating scales. 
Immediate ng phenomenon, and the span of 
stricted b: memory all seemed to be re- 
a limited. rem e process which had 
ut a P^ amd of about seven items. 
survey of the literature led 
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Miller to conclude that the span of absolute 
judgments and the immediate memory span 
were unrelated. For, he argued, absolute 
judgment performance is limited by the 
amount of information. in the stimuli, while 
memory span is limited by the number of 
items, and is independent of the information 
per item. That is, the span of immediate 
memory does not depend on the size of the 
set from which the items (e.g., binary digits, 
decimal digits, letters, or words) are drawn. 
Moreover, performance within the memory 
span task could be greatly improved, accord- 
ing to Miller, if subjects organize or chunk 
the items together. On the other hand, the 
absolute judgment channel capacity was 
viewed as “a clear and definite limit to the 
accuracy with which we can identify ab- 
solutely the magnitude of a unidimensional 
variable [Miller, 1956, p. 90]," and it was 
thought to be relatively uninfluenced by prac- 
tice. 
With the advantage of hindsight, we can 
now suggest that Miller's distinction was 
incorrect. The data of W. Siegel (Figure 
3) demonstrate that absolute judgment accu- 
racy is not limited by stimulus information, 
but rather by subjects’ inability to maintain 

ations of sensory stimuli 


multiple representa 
in memory. Furthermore, the hypothesis 


of a fixed upper limit on absolute judgment 


is contradicted by data which 


accuracy 
fication of unidimen- 


demonstrate that identi 
sional stimuli may be improved dramatically, 


provided that the subjects are induced to 
chunk the stimulus set. Training procedures 
which emphasize organizational strategies 
rather than rote learning appear to be highly 
effective in improving memory for both sen- 
sory and verbal stimuli. Thus the absolute 
judgment channel capacity and the imme- 
diate memory span for verbal material both 
appear to be a limitation on memory during 
the initial stages of practice, and both may 
be overcome by organization or chunking. 
What then of the magical number seven 
(plus or minus two)? At least in the case 
of the immediate memory span and the span 
of absolute judgments, there may be some- 
thing more involved here than just a “per- 
nicious Pythagorean coincidence.” 
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1 sub re traine s : 

Eos ai pisi with. multiple cues relevant to solution of a dis- 

more ihe ke coa concept identification task, some subjects learn about 

Due eb pee relev ant cue, a result that has been considered damaging to 
rsions of attention theory. It is demonstrated that, to the con- 


trary, a sli test i t 
y, a slightly extended version of the D. Zeaman and B. J. House one-look 
e redundant relevant cues ex- 


m . 

v So predict multiple-cue learning in th 

tots that oran accommodate the effects of various task and training fac- 

ororen bing: Lies E to affect the breadth of learning. Moreover, a 

SHE Guanflati one- ook model that assumes all-or-none learning predicts 

emailit aa ja e rigor the data of T. Trabasso and G. H. Bower on the 

secant earning by adult humans. Thus, the validity of the one-look 
ption is by no means undermined by reports of multiple-cue learning 


i itri g a 
n multitrial learning experiments. 


na including blocking 
the overtraining re- 
1966), dimensional 


The 
Sen ei of selective attention has several major phenome! 
Choice behayj y several recent theories of (Mackintosh, 1965b), 
Control in lor to account for discriminative versal effect (Lovejoy, 
tions (eg a p of experimental situa- learning (Shepp & Eimas, 1964), and pro- 
ackintosh 1 Ovejoy, 1968; Sutherland & improvement in serial reversal 
though th, 971; Zeaman & House, 1963). learning (Mackintosh, 1969; Shepp & 
Ween liso the are important differences be- — Turrisi, 19692) have been successfully pre- 
At subject heories, they commonly assume dicted by the theory. 
“Oncept-ide S, In solving a discriminative or More recently, several investigators have 
y or lens ntification task, may be controlled turned to a consideration of learning in the 
total stimul about only selected aspects of the relevant redundant cues task as a critical test 
: erent e Situation. The results of many Of attention theory. In relevant redundant 
Nterpreted Pes of experiments have been cues task, more than one dimension is rele- 
as supporting attention theory vant to solution. Consider, for example, 
a simultaneous discrimination in which a red 


Ja 


gressive 


eg, . 
Mackintosh, 1965a; Wolff, 1967), and 
_ square (+) and a green circle (—) are 
supported in presented. The positions (left or right) of 
red and square 


ip 
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that attention and learning are limited toa 
single dimension on any single trial, and 
that, with sufficient training, attention is 
consistently controlled by the same dimen- 
sion on every trial. ; 
This prediction has been confirmed in a 
series of experiments by Sutherland and 
Holgate (1966). Rats were trained on a 
relevant redundant cues task, and then were 
administered a series of test trials in which 
only one of the relevant dimensions could 


In most of their 
Holgate report 
een the number 


According to a 
negative corre- 
E restriction of 
sion during the 


There seems to be little doubt 
look model can predict a + 
tion between the amount le 
Set of relevant cues and th 
about a second set. Some 
ever, have failed to find 
tion and have p 


that a one- 
negative correla- 
arned about one 
€ amount learned 
experiments, how. 


arren & McGonigle 
as Inconsistent with 
n this vein, 
he one-look ir 
ive been made by Trab 
(1968), They conducted 


the most 
nterpreta- 


taught 
Cation tasks which had two 
relevant cimensions n a series of test 
trials, some Subjects "one. 
consis 


cue learners,” 
Orrect cue On One of 
S but Showed 
n the Other, w 
subjects, “two-cue 
chose the correct cue 


Consistent] y 
sions. 


On both reley 
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5 suggest 
(Bower & Trabasso, 1964) and i g“ 
that incremental one-look iN. E 
Lovejoy, 1968; Zeaman & House, ipee 
least in their present forms, were Mim. leiri 
to predict the observation of a es i 
ing. In place of such models, pieno 
Bower (1968) have proposed a ani 
look" model which assumes that while 4 are 
tion is selective (ic., not all poe o 
attended to on a single trial), it is broa 
than is assumed by one-look views. dd 
In our opinion, the phenomena of eoi ad 
two-cue learning in human — ie 
the analogous correlational — a with 
animal literature are entirely con gent 
a one-look interpretation. In ow cem 3 
Paper, we support this view by prov sieves 
analysis of attention and learning m n io d 
redundant cue situations according Rs. 
slightly extended version of Zeamat adá 
House (1963), and we show that aie le 
can accommodate the major results o ge 
vant redundant cue experiments. Furien ne 
propose a novel version of an ipe cir m 
one-look model that can predict the quan 68) 
tive details of Trabasso and Bower's (19 


ir own multi- 
results as accurately as does their own m 
ple-look model, 


Zeaman-House One-Look Model 


According to Zeaman and House Ln 
the subject is presented with a y ers 
Situation that can be analyzed into k re h 
Vant and irrelevant dimensions, On (acl 
trial, exactly one of the } dimensions ep 
attention just Prior to choice. Attention d 

imension ; occurs with probability di, an iS 
in a Simultaneous discriminative task, ed 
Poses the cues Cy, and C,, The "ode 
May choose either cue with the conditional 
Probabilities 1 and ci, where ci, pte 

~ fur. The probabilities, d; and cis. ent 
modified by trial outcomes. Reinforceme " 
following attention to Dimension A b 
di, whereas nonreinforcement decreases d 

Toreover, on all trials, the k amemuona 

Probabilities must sum to 1.0, so that ena 
forcement Or nonreinforcement of amorum 
to one dimension, respectively, decreases e 
Increases the Probabilities of attention at 
other dimensions, Similarly, ee 
following the choice of a cue increases th 


eh ae 
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condition : - 
and il obability of choosing that cue 
ability, A iter decreases that prob- 
mentary ee lange in c; , leads to a comple- 
change in ange in c; a; correspondingly, a 
phate in ais produces a complementary 
A critical fe; z 
that om feature of the one-look model is 
Büy tria ent or nonreinforcement on 
choosing im ects only the probabilities of 
to Which A: specific cues on the dimension 
the ela attends on that trial; 
sions that E of choosing cues on dimen- 
example P ignored do not change. For 
given trial a subject attends to color on a 
Specific e iod probabilities of choosing the 
Conditional i cues will be modified, but the 
Other dime p obabilities of choosing cues on 
Will not Py te (e.g., right or left position) 
onder changed on that trial. 

assumptions jn v the implications of these 
redundant s in the learning of the relevant 
: subject a a described previously. 
eries of trai ght attend only to form in a 
Only that <¢ ining trials, and in so doing learn 
Correct, Toe is correct and circle is in- 
about the s subject would learn nothing 
Nould be s rectness of red and green, and 
he theor haracterized as a one-cue learner. 
not dem y (Zeaman & House, 1963) does 
attends pa however, that the subject 
n some s same dimension on every trial. 
rials, the subject may attend to 


orm 
and 
learn about the form cues; on 


Othe 
r trials 
als, the subject may switch attention 
onse assign- 


© colo 

Ments p learn the correct resp! 

Subject h ted and green. In this event, the 
Cues on es Clearly learned about the correct 
à oth dimensions. Yet, for both one- 


and 

two- 

Consistent os learners, the theory predicts 

. 1, control by one dimension on con- 
on each 


let t 3 
vane ee which the positive cue 
cue Fai is paired with the nega- 
Model E other; according to 2 one- 
ius relevant dii probability of attending to 
: aning imension approaches unity as 
“spond Pa ings so that subjects will 
Series or only one of the relevant cues in 
ty ng A daria trials introduced after a 
p Pically ah on run. Such performance 19 
asso & p served (e.g., Cole, 1953; Tra- 

Ower, 1968). 

he conflict type of test trial is use- 


ool 


While : 
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ful in assessing which relevant dimension 
controls the discriminative response, a s0- 
called component type of test trial is neces- 
sary to assess what has been learned about 
each of the relevant dimensions. In the com- 
ponent test trial, one relevant dimension is 
neutralized or eliminated, so that perfor- 
mance on the other can be observed. The 
Zeaman-House model is silent about per- 
formance on component test trials, since no 
rules have been provided for specifying the 
distribution of attention probabilities when a 
dimension of variation is eliminated from 
the stimulus situation. A small, but crucial, 
extension is required. Following the sug- 
gestion of Trabasso and Bower (1968), the 
deficiency has been amended by adopting 
Luce's (1959) choice axiom. When Di- 
mension i is eliminated, the probabilities of 
attending to all other dimensions are re- 
normalized, such that the probability of 
attending to D; on a test trial when Di is 
removed, dj, may be specified as 


di 
dja = Tei 


, 


1d d; refer to the probabilities of 


attending to Dimensions i and j after the 
preceding training trial. Given this assump- 


tion, the model can predict two-cue learning 
stion that attention is 


despite the assum[ 
entrapped by only one of the dimensions in 
a series of training trials. 
Consider again the subje 
correct response assignments to both color 
and form over à series of relevant redundant 
ining trials. Given sufficient train- 
ject will come exclusively 
of either the color or the 
The combined probability 
relevant dimension 
(eg position 
discrimina- 
after an ex- 
his fact, the 
dominant 


where d; at 


ct who learns the 


cues tra 
ing, such a sub, 
under the control 
form dimension. 

of attending to the other 
and all irrelevant dimensions 
in the example of a simultaneous 
tion) may well be less than 01 

tended criterion run. Despite t 
probability of attending to the non 


ould be noted that Lovejoy's (1968) model 
e deficiency: Je has specified no 
g the distribution of "direct- 
given the addition or dele- 


5 Jt sh 
suffers the sam 
rules for determinin: 
able distinctiveness,” 
tion of a dimension. 
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relevant dimension may remain relatively 
high in comparison with the probability of 
attending to the irrelevant dimensions, pro- 
vided that some learning has occurred on 
the nondominant dimension, Consequently, 
when the dominant dimension js removed 
from a test trial, the probability of attending 
to the nondominant dimension may be very 
high such that whatever learning has 
occurred on this dimension will be reflected 
in the test trial performance, 
trary to the claim of 
(1968) and others, two-cue lear; 


no means a rare prediction of 
model, W becomes 


fied version of the Zea- 


man-House model can Predict the results of 


relevant red 


and two-cue 
the relative Saliences 


ower, ] : the breadth of 
earning is increased by c 


: y ain conditions 
of „Practice. The administration of over- 


» three 
assumed to he effecti 


Xperiment 
data (e.g., Shepp & Turrisi, 1969] ; hea 
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Zeaman, 1966; Zeaman & House, 1963). Tie 
probability of choosing either cue of a eae 
sion is set initially at .5 for all ae 
So as to correspond to a two-choice xs : 
In all simulations, a two-cue learner is a 
fined as a stat subject who is expected 1 
make at least seven correct responses in each 
series of 10 test trials. r 
Salience of cues. There are many S ds 
tions by which one set of cues can be e 
more salient than another set, and some d 
these have been described by Trabasso Rm 
Bower (1968). By varying the EA 
cues, one may vary the initial propali e 
of attending to specific dimensions, b E 
more salient cues having a higher pro 4 
ability of being attended to than less pen 
cues (e.g., Shepp & Zeaman, 1966; Trabas t 
& Bower, 1968). In the relevant redundan 
cues situation, the proportions of one- th 
two-cue learners can vary dramatically w1 
the relative salience of the redundant rele- 
vant dimensions, : 
The first illustration of this effect is 
shown in Table 1. In this case the total 
salience of the relevant dimensions is held 
constant in three different conditions, with 
the initial probabilities of attending to the 
relevant dimensions summing to .90. Under 
this condition the amount of two-cue learn- 
ing increases as the saliences of the relevant 
dimensions converge (x? = 6.96, df A 2, 
# <05). The amount of two-cue learning 
also increases as the total salience of the rele- 
vant dimensions increases, This relation- 
ship is shown in Table 2. The initial prob- 
abilities of attending to the relevant dimen- 
sions are set at a constant ratio of 2:1, and 


the sum of these probabilities is varied from 

"Ti generating specific predictions for test trial 
performance, it is assumed that attentional and 
instrumental probabilities remain stable over the 
test trial series, This is only the ideal case, but 
there is empirical evidence that this stability can 
be .2PProximated at least with human subjects 


mas, 1969: Trabasso & Bower, 1968). A 
though the Predicted proportions of one- and two 
cue learn 


iffen nts Would be changed by assuming tha 
pondifferential reinforcement or nonreinforcemen 
I5 effective on the test trials, the relative predic- 
Hons for the Various conditions of interest wou 

ie modified and the conclusions would be the 


"n 


à revelant 


Comp 


ete i) 
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075 t 

o .90. is 
Table 2 E clear from an inspection of 
ing ltumgusns HS amount of two-cue learn- 
vant dimensi with total salience of the rele- 
Tmed ME e Tu conclusion is con- 
pmo E 823, dj 22, p< 
gu Bower ja empirically by mu Aes 
jr 985) 8) and by Miles and Jenk- 
hs dum : 
um T 
Seiten 


ie i Generally 
redni ion of dimensions to 
E Pr ác cues task results in 
Ue regardles ed about any one relevant 
sions are re] S of whether the added dimen- 

evant or irrelevant. Exceptions 


$55 being 


to thi 
MS c 
; onclusi 
clusion may occur if one of the 


Imensi 
Sions j 
1 
Roe tune m more salient than the 
© number of a conditions, however, 
dimensions makes little sense 


S 2 
an ind 
epe 
Br effect. reps variable. To illustrate 
ant adding dimensions to a rele- 


redui 
edundar 
cu Darison is " cues task, the base-level 
e learning ir he amount of one- and two- 
g in tasks in which there are but 


TABLE 2 
FREQUENCY or Os xp Two-CuE LEARNING 
WITH TOTAL SALIENCE OF THE RELEVANT 
DiMENSIONS VARIED 


Initial probability Type of solution 


D: | D: One cue Two cue 
.60 | .30 ji 8 
40 | .20 11 4 
.05 | .025 14 1 


a Di and Ds refer to the relevant dimensions. 


nulations, the greatest 
earning occurs with. 
irrelevant dimen- 


p < 001). In these sit 
reduction in two-cue l 


the addition of just one 
While this particular result is surely 


due, in part, to the choice of parameters, it 
should be noted that a parallel effect has 
been observed by Trabasso and Bower 
(1968, p. 166). In their experiment, the 
greatest reduction in two-cue learning occurs 
with the addition of one irrelevant dimen- 


sion. 


sion. 


Wo 
equally 
Onsider 


. dimensi 


lent: 

he in: 

© initia] 
P ies 

Probe; 

irr 

Hie 


s Ae relevant dimensions. 
ee irreleva ect of adding either one 
bas pin dimensions to the task. 
In the "im assumed to be equally 
a eimen problem, 
ch dimensio ates of attention are .33 
n, the Bebes in the five-dimensional 
elevant dir abilities are .20. By a 
s relevant Penser cin the total salience 
lea, P Pectation a ag is decreased, with 
i hat the number of two-cue 


When relevant dim 


the stimulus 
the relevant 
is learned al 
If, of course, one o 
is highly salient in 
others, litt 
ing will be observed. 
the dimensions 4 


amount le 
as the num 


situation, 
dimensions i 
bout the cues o 
f the relev. 
comparison with 


le two-cue or mu 
Tf, on 


arned about any one cue 


ber of relevan 


ensions are added to 
the total salience of 


nereases, but less 
n each dimension. 
ant dimensions 
ith the 
Itiple-cue learn- 
the other hand, 
lient, the 
decreases 
t dimensions is in- 
agrees with the 


ers is ci 
“TS Is : 
Whi IS ex My reduced 
le Ich digi, ctation is confirmed in Table 3 creased. This conclusion 1 
qi ning nis S that significantly less two-cue results of Eimas (1969), and the effect 1s 
Nension curs as the dumber of jrrelevant shown in Table 4 where the average prob- 
S increases (y? = 16.46 df= ability of choosing the correct cue 1m test 
r » iac ' trials is shown for tasks im which two, 
"REQUENGY TABLE 1 dà 
WiTH Tow? ONE- AND Two-CUE LEARNING TAB 
AL SALIENCE OF THE RELEVANT FREQUENCY OF OxE- AND Two-CuE LEARNING 
I í WITH THE NUMBER or IRRELEVANT 
Nitial prop DriMENSIONS VARIED 
p r biiga m . 
| SS Noel uo Type of solution 
8 D: Irrelevant 
85 One cue Two cue dimensions Two cue 
-60 me uso 
4. :05 12 3 pom 
3 -30 7 s 5 2 13 
» = 5 10 1 11 E 


? refe 
r to 
the relevant dimensions. 
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TABLE 4 


AVERAGE PROBABILITY or CHOOSING THE Correct 
CUE on Eacu RELEVANT DIMENSION WITH 
INCREASING RELEVANT DIMENSIONS 


Number of relevant dimensions 


Average s 
Probability 3 P n 
Ci .930 932 -758 
Ciz 917 -863 57 
Cis -907 -772 
1,4 -832 
* Ci des 


€arning in the four-dimensional 
0 


Similarly, there js less 
learned on Dimensions 1,2 


2, and 3 in the 
four-dimensional than in the three-dimen- 
sional task (p< .0 


Conditions 


o 
irst to show that ine 
training increase h 


: E than 
sven a series or Overtraini 


basso and Bower 
similar effect with t 


: O such effect in 
According to a one-look ; 


tation (Zeaman & House, 1963) 


B. E. Suepp, D. G. KEMLER, 


AND D. R. ANDERSON 


ing is likely to increase the breadth eos 
ing if at the beginning of overtrain d hee 
attention to both relevant dimensions bee 
than asymptotic and (b) learning on wt 
the relevant dimensions is less than et 
totic. Tf these conditions prevail, the wd 3 
may switch attention from trial jab ui 
overtraining. with the result that E pisi 
two-cue learning can occur. Thus, 1 aning 
of overtraining on the Mas eats 
depends on such factors as the initia ah of 
of the relevant dimensions, the streng 2, 
the criterion, and the rate parameters, 
and 6,. ad 
Our initial attempt to simulate cn 
training effect failed due to rate pore. c 
that were too large. With 6, = 2 an but 
.5, the effects were in the right pec Bis 
with these parameters attention is gorii ro 
entrapped at Criterion. In other anager 
much learning has occurred on both d effect 
sions prior to overtraining such that no t fol- 
can be observed, The simulations i a 
low were generated with 0, = .05 and 6; " 
-20, and with three effective dimensions. she 
should be noted before proceeding that sn 
previously described relations between T 
ience and the breadth of learning are pet 
Stantially the Same with the lower rá 
Parameters, E 
The effects of Overtraining on learning : 
the relevant redundant cues task are m 
marized in Table 5 for Several conditions F 
Which the salience of the dimensions is varied. 


TABLE 5 a 
T E SARNE 
FREQUENCY OF ONE- AND Two-Cur Lea 
AS A FUNCTION op TRAINING AND 
RELATIVE SALIENCE 


Training 
UU d 
iteri Overtraining | 
z Criterion. "pe of solution 
ETUR Di Ds type of solution | type oi 
Eco a see E 
Two 
Two | One vs 
ee cue cue ia 
a : F 
A 09 | om | g 3 i ü 
B 17 | .01 15 0 3 d ag 
t ds | as 3 | de 1 $ 
B es. [| 282 12 3 
Note " zw sei, 
* Four subjects wea televan, learners by our definiti 


- 


Pe 
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Criteri 
erion : 
E 
Tect Sa were run until nine cor- 
j es in 10 trials occurred; over- 


ibjects rece; 
An po e an additional 100 
itt Gach a ion of these results indi- 
qui in ie total salience and the 
to affect bre 5 combine with overtraining 
tota] Ga n of learning. When the 
Telatively "» st the relevant dimensions is 
amount of t W, Overtraining increases the 
Saliences oa learning, but only as the 
Proach ig rem dimensions ap- 
ondition A, 
Mena M saliences diverge, only 
1€ total salie E obtains. In contrast, when 
hemes nee is high, overtraining in- 
Where Mig i € learning but only in the case 
Sons dive aliences of the relevant dimen- 
rge (Condition D, y? = 5.00, df = 


Cates tl 


: P < 025 

di NN : : 

-mensions te convergence of the salient 
ondition C) results in a ma- 


Jority of tw. 

alts m ibn learners at criterion. The 
Vertraining. ese simulations indicate that 
meadth of Mes not always increase the 
ie have eH and suggest that salience 
*Periments me role in reconciling those 
i that report an effect due to over- 


alinir 

ne wit 

Si witl á 

*rveq 1 those in which no effect is ob- 


Te se os 
is im 
i port ia 
h: Mcrease ied to note that overtraining 
Hs Sroup us amount of two-cue learning 
i race only if errors occur 
€ ning. 


D 


5% 
Oven ne Seite rate reported by Suther- 
Peri; ing one (1966), who showed that 
thej, ent i mu i ge learning (Ex- 
is gy Cone sion . this fit clearly disputes 
aging to that such a low error rate 
le modifi plone interpretation. 
ns arte one-look model can pre- 
in SH ining increases multiple-cue 
also Sa d relevant redundant cues 
eg. ni he model predict incidental 
E to the itterman & Coate, 1950). 
9f e n Sàrning one-look model, some 1nct- 
Sion ntro] y regen occur if the probability 
Undan, SSS ree originally relevant dimen- 
Nee : incide; asymptotic when the re- 
ain, th atal cues are introduced. 
» the model predicts that within 


l&. 
Aning 
d cordi, 
“an 
Ental 
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the group, some errors must occur in the 
redundancy phase in order for incidental 
learning also to be shown, but the percent- 
age of such errors may be quite small. The 
one-look model further predicts the reduc- 
tion of incidental learning by overtraining 
prior to the addition of the incidentally rele- 
vant dimension, an effect that Bruner, Mat- 
ter, and Papanek (1955) have obtained. 
The negative correlation. Sutherland and 
Holgate (1966) and other investigators of 
animal behavior rarely present their results 
in terms of the proportions of one- and two- 
cue learners. The choice data obtained from 
animals is almost never unambiguous in 
this regard, since animals seldom show either 
perfect performance or exactly chance per- 
formance over a series of test trials. Thus, 
animal investigators have used the correla- 
tion between the number of correct responses 
on each of the component test trials as a 


test of the one-look model. 
Obviously, the more one-cue 
ant redundant cues task, the 
more highly negative the correlation between 
test trial performances should be. But just 
as the one-look model predicts two-cue learn- 
ing, so too can it predict an attenuation of 


the correlation of test trial choices. Any 
condition that favors a high degree of two- 
cue learning will also attenuate the strength 

For example, in 


of the negative correlation. 
ions, overtraining was 


the preceding simulat 
the frequency of two- 


observed to increase 
dition D, Table 5). Cor- 


cue learning (Con : 
respondingly, at criterion the correlation be- 
tween test trial performances was —.75 (p< 
01), but after overtraining the correlation 
shrunk to —.27 (p > 05). 


Although the correlation 
on test trials can vary considerably and in so 
doing can reflect the breadth of learning, the 
strength of the correlation cannot be taken 


as indicating the degree to which the prob- 
relevant dimension 


ability of attending to one i 
is correlated with the probability of attending 
to a second, as some investigators (e.g 
Honig, 1969; Thomas, 1969) have errone- 
ously concluded. By assumption attentional 
probabilities or analyzer strengths sum, a 
1.0. Thus, after a series of training trials 
het be a negative correlation 


there must always 


learning that 


occurs in relev 


between choices 
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between attentional probabilities of relevant 
dimensions, even when the correlation be- 
tween choices on test trials is markedly 
attenuated. To illustrate, consider Condi- 
tion A of the preceding simulation (see 
Table 5). After overtraining is administered, 
the correlation between relevant attentional 
probabilities is —.99 while the correlation 
between correct responses on component test 
trials is —.04. 

In addition to those task variables that 
may affect the breadth of learning during the 
course of training on a relevant redundant 
cues task, the type of test trial administered 
can also affect the breadth of learning. Ac- 
cording to the present version of the Zeaman- 
House model, the probability of attending to 
a relevant dimension on a test trial depends 
strongly on the probabilities of attending to 
other dimensions that are present, and is in- 
dependent of the probability of attending to 
the dimension or dimensions that have been 
eliminated from the test trial It follows, 
then, that the number of irrelevant dimen- 
sions on test trials can affect the observed 
Proportions of one- and two-cue learning. 
Trabasso and Bower (1968), for example, 
retained irrelevant dimensions during test 
trials and consequently may have minimized 
observed two-cue learning. In contrast, one 
could eliminate the irrelevant dimensions 


from the test trial. This would result in an 
increase in 


relevant dimension 


no 
Publishec ailable to evaluate this 
Implication of the mo 


ects. In 


j ree Parameters 
(where N is the number of dimensions and 


er to perform a 
If there are 10 


parameter, then 
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10* *7*? simulations would be Wwe s 
completely explore the parameter TADA 
example, given two seconds per sit e would 
more than 63 years of computer E redic- 
be required to specify the possi 7 m r= 
tions in the situation where N =4 a denved 
4. Instead, we have qualitatively dundant 
the principal results of relevant s detailed 
cues learning, leaving the problem o dequate 
quantitative prediction until more ii ped 
procedures for estimating parameter 
are developed. i v- 
By a fo simplifying assumptions, ee 
ever, we have found it possible to s nü- 
one-look model to predict most of BN ine 
merical details of those results that d in 
basso and Bower (1968) have vim By 
support of their multiple-look and instru- 
assuming that both attentional an ion are 
mental learning for a given cogente 
completed in a single trial, the e sable 
model becomes mathematically -—ÁÀ Gone 
and allows for specific numerical prec = the 
(Kemler & Anderson, 1971). EO ie 
all-or-none assumption possibly a and 
applying the model to data from anima vell 
Child subjects, it appears reasonably hub 
fitted to adult human discriminative pei 
This new one-look model may be s 
in a very general form. Like prom 
House (1963), it assumes that a, su me 
on any trial samples one of the k ape 
of the stimulus situation, The samp le- 
probabilities on Trial 1 are assumed to "d 
pend on the relative salience of the eet 
Sions. On Trial n (n»1) the per 
sampling rules apply: (a) if D; is pari 
on Trial n — 1, and if the subject respor ji 
correctly, then d; , = 1, and dj, n = 9, «f if 
(b) if D; is sampled on Trial n — 1, an z 
the subject responds incorrectly, then di, A 
di, n-a. In the specific submodel to be P "m 
sented here, d, , following an dni 
assumed to equal d, ,, but other submod ily 
(see Kemler & Anderson, 1971) deal poem T 
Well with the results of Trabasso and Bowe 
(1968), 


All submodels adopt the following first 
Sponse rules, When any dimension 1 1s on 
sampled, the Probability of choosing Ci. e 
that dimension is ci, ,, and the probability a 
choosing Cass dum es However, once 4 


ATTENTION AND BREADTH OF LEARNING 


dimensi 
the nee been sampled, the response to 
ing to the octal becomes conditioned accord- 
on which the eee outcome of the trial 
if Color is & dimension was sampled. Thus 
reinforced E and the choice of red is 
Sult in the he resampling of color will r s 
ie lese probalilit 
Tule, once T : consequence of this latter 
then tearde evant dimension is sampled 
ronal e ir outcome the condi- 
a ) choosing 
ET EE M 
Seneral model test trial performances, the 
and one otl el adopts Luce’s choice axiom 
Arst test baal rip i as well. On the 
an moved bom the controlling dimension 
pte the i ne subject resamples from 
rates a res maining dimensions and gen- 
p mension, ow on the basis of the selected 
, 3 Same type rx succeeding test trials of 
i Ponds in a s is assumed that the subject 
€ Choice of Manner that is consistent with 
ject may etki initial trial. Thus, a sub- 
Cont “al mearen E, hee 
tolling reley s if he sampled the non- 
trial? and A ant dimension on any ear- 
e caer it on the test trials, 
P Mite gay the noncontrolling 
cree: n the test trials an 
response classification 


EO 
aplan A 

dicti and Bone and 4 of their book, Tra- 
rom th (1968) make specific pre- 
Geo redunda multiple-look model for 
these er situation ang eurs experiment and a 
Mo EXperimer . Tt is to the results of 
i nts that the present one-look 


a 
Teley, 
fra S an 


the s applied, | ] 
the Cant red he crucial prediction for 
Proportion te cues experiment i$ 

one- and two-cue learner? 


Tse, the assum nit 
he Would. ma Es of the model the 
SNsion have gone pora on that trial; otherwise 
RM to pe "ontrollin irectly to solution with {het 
b n ocally « his behavior. subjects 
m ascia as Trabasso an 
i aes bei such errors are impossible 
Dres Me, 1 Strict assu J there are data that ques- 
Sti t mode, fYen VIDHon ei Kenoyer, 1977; 
> the el allows es adult humans, an the 
"n ang TPredieginct mde these errors do occur: 
Owe ing | does have the problem of 


Ocal A 
Ov. d consisten shi s 
erpredict it. cy while Trabasso 


TABLE 6 

PROPORTIONS OF ONE- 
s IN TRABASSO AND 
NT REDUNDANT 


PREDICTED AND OBTAINED 
AND Two-CuE LEARNER 
s (1968) REL 


Curs STUDY 
Trabasso 
Item One-look and Obtained 
model Bower data 
model 
Salience estimates 
Shape dimension NE .004 — 
Dot dimension 218 164 a 
Observed solution types 
Shape alone 28.8 31 
Dot alone 5 49.3 43 
11.2 10.9 15 


Both shape and dot 


and in Table 6 the observed proportions 
along with those predicted from each model 
are presented. For both models, estimates 
of the initial saliences of the two relevant 
dimensions, shape and dot position, are made 
from the error data of subjects who are 
trained on a single relevant cue task in which 
each of the dimensions alone is relevant. 
These estimates, shown in Table 6, are then 


used to calculate the proportions of one- and 
two-cue learners. Table 6 


‘An inspection of 
reveals that not only does each model predict 
ith impressi 


the results WI ve accuracy, but the 
models predict equally well (X? = 1.72, df= 


2,p> 05). 

Consider now Trabasso and Bower's 

transfer experiment, the results of which are 

shown in Table 7. The subjects were first 
es task in 


elevant redundant ct 
i e relevant. 


which shape and dot position Wer 
They were then transferred to 
which either shape OT ot position was re- 
tained as relevant, and the other previously 
relevant dimension was made jrrelevant. 
Data were also obtained from two other 
transfer conditions which served as con- 
trols. One group was first trained with 


shape as relevant and dot position as irrele- 


vant; in transfer, shape was made irrelevant 
ition became relevant. A second 


d the converse arrang 
ected number: 


trained on a T 


group 
In Table 7 the exp 


data for each 
the multiple- 
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TABLE 7 
PREDICTIONS AND OBTAINED TRANSFER Data 
T i «T|T») | grir>n 
í AD A Sesa, prs rabasso 
makea |O epee | ppo NP B EN 
5 " 11.31 
RC-SRC | g | "m 
X Shape relevant 6.53 7.41 6.62 10.35 718 6.18 
Dot relevant | 2.29 2.66 2.78 6.22 | : | 
Control D " = a | as 
Shape relevant 11.13 | 11.65% 11.7 | — | - 
Dot relevant | 6.87 | 7.108 74 | 


Note.—RRC = relevant redundant cues; SRC 
^ These estimates are b; on a report of E 
(1968) which is inconsistent with the data 
as 11.13 and 6,87, respectively, for Trabassi 


tranferred from relevant redundant cues to 


single relevant cue tasks, make zero errors, 
Predictions of the expected number of total 
errors that are conditional on at least one 
rror, E TIT > 1), are also shown in Table 


5 may be seen, bot! 
and one-look mo i 


transfer equally well, 
values of each model f 


dard error of the mean, 


Summary and Conclusion 
y 


The present analysis of attention and 
learning shows that a modified version of 
Zeaman and House (1963 


) not only can pre- 
rning, but can also 
results of the rele- 


iterature, One-look 


ajor phenomena 
» Including dimen- 


training reversal 
during 
(eg., 


dict one- and two-cue lea 
accommodate the m 


-Ovejoy, : 
1971) and human 
urrisi, 


these achiey, 


with accuracy, 
picts the one c 


of choi 
other 
ainst a one-look interpretati 
been clearly described by Sutherland and 
Mackintosh (1971) which 


v : re have not con- 
sidered in the Present paper, Instead of 


are, of course, 
ag: 


and Bower 


" abasso ane P es 
€ groups given in Chapter 4 of Trab: these valu 


* estimati 
data given in Chapter 3, one estima! 


ai vu ents; 
attempting to rebut such specific a p 
a task that would require een choose 
and several post hoc assumptions, Ww ree 
instead to leave the reader with two g 
oints, :ple-look 
P First, both one-look and coy e e 
models have thus far dealt with the desch 
inative process in a relatively crude aay be 
tive fashion. As a consequence, it td two 
impossible to distinguish between proc- 
types of models accurately until sime p 
esses are more clearly Memes ad to 
attempts to so distinguish them may poder 
erroneous conclusions about the epe prn 
of one or the other model. By way o tively 
tration, no attentional model has cie per- 
come to grips with the problems E Ü 
ceptual organization and the rela "TÉ we 
Perceptual input to these models. Herde 
are to decide whether a subject has atte a we 
to one or more dimensions on a trial, ie o 
must assess independently the bp 
PSychological dimensions that are imentet" 
to the subject. Two or more ema usd 
defined dimensions may be treated h, case 
Single pattern by the subject in Lope pu 
no unambiguous tests of the models C the 
sible. The importance of See dn 
effective stimulus has been clearly vast o 
strated by Garner (1970) in the conte? 


ing 
; : ion-process! 
sues raised by  information-pro 

theories, 


Unfortunately, 
dimensions are s 


ical 
the effective psycholog 


Bor GE 
eldom identified. end 
ample, consider an experiment by rne 
(1963), who showed shat pees e es 
about orientation cues while their ch 


E 


ATTEN u“ = 
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Were pres 

others x ackintosh (1971), am F 
bas interpreted this ip 
quiring eus one-look model, and e re- 
pretation, tp of multiple-look inter- 
however, only HS) conclusion is correct, 
Operating a if orientation and color were 
mensions ~ perceptually independent di- 
in "Terrace. condition that may not obtain 
Preciable Te study. The birds showed ap- 
only under B d. about orientation cues 
Sradually f; he arrangement where color was 
Jirds were aded, which suggests that the 
Stimuli as not reacting to the two sets of 
Sions, It Pte aid independent dimen- 
Were dish plausible that the subjects 
lat were ig to cue patterns or compounds 
cedure, made salient by the fading pro- 
Altho 

mles ae tt is no direct evidence to 
“race's gi earning of compound cues in 
animals pose there is evidence that 
eg., Woes” Guth, 1967) and humans 
about onan x & Zeaman, 1963) can learn 
“nee that ii Moreover, there is evi- 
Celved ag while sets of stimuli are per- 

Situati 

another fo they are not so perceived in 
he re 

Jy 


Models 
Perce 


If so, such results ca 
een one-look and multiple-look 


al strat- 


Our 

fina i 

7 al point is one of theoretic 
that 


eg 

d. 

So hile Sa e 

Me of the it is reasonable to assume 
evidence considered as contrary 


&og 
m €-look 
Odateq 2. \ Model can be eventually accom- 

a multi- 


ult to « Indeed, 

suppose that a subject cannot 
Je dimen- 
r the ca- 


lear, 


ae multiple looks. 
tip loop those results demandir 
Y small p interpretation. may be rela- 

ince, as we have shown in the 


ng a 
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present paper, the one-look model accounts 
for most of the observed data. Rejection of 
the one-look model is certainly premature 
and can, in the long run, lead to erroneous 
choice behavior. Strategically 
e to retain both models. Both 
can easily coexist in a general theory of 
attention, and both may be required to the 
extent that the theory assimilates the de- 
velopmental and comparative differences in 
choice behavior across situations with di- 
verse task demands. However, because we 
believe that attentional concepts will serve 
to delineate and clarify important develop- 
mental and comparative differences, we urge 
caution in interpreting choice data. The 
present paper has shown that data irom 
relevant redundant cues experiments that 
have appeared to some writers as providing 
a straightforward index of attentional proc- 
o not on closer analysis fulfill that 


analyses of 
it seems wis 


esses d 
promise. 
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A nun i s s adults solve 
aber o de ewig 5 
i models are considered that specify how children and ad lt lv 


Single-digit addition problems. 


It is shown that the most adequate of thesc 


in accounting ems eic iet 
xin e Pesci response latencies is a model that assumes the 
child adds [n i et with two operations : setting and incrementing. The 
iken erem on ee m and n, by setting this counter to max (m,n) and 
imee dion ie A mnie) times. This model also accounts for adults’ 
rétiosl ER ead a drastically reduced incrementing time. Some theo- 
REFS oe 2 this reduced time are considered, and an alternative 
races anes ed which assumes that adults usually use a memory look-up 
omogeneous retrieval times, but occasionally revert back to 


the i 
1€ counting process used by children. 


TH een 
Make ma ho it has become common to 
esses in ‘here between two kinds of pro- 
Processes one memory : reproductive 
rieva] of Seu are concerned with the re- 
stored facts, and reconstructive 


Proces 
esses, whi 
Scneration which are concerned with the 
rules, of facts on the basis of stored 


of these’ Principal reason for the emergence 
hat show udo cas theories is the fact 
Provide sper theories do not appear to 
sind of en Satisfactary explanation of the 
example b ryday remembering studied, for 
[hes db eni (1932). Another is 

an iure uctive processes appear to play 
Stage, Ye. role in perception and lan- 
COnstructi S another is. the implicit role of 
Jufortur ve processes in Piagetian theory. 
tive pr nately, most accounts of reconstruc- 
10 A rdi d been somewhat meta- 
*Xplicit in their nature and have lacked the 
Memor p of current models of semantic 
notion Vased primarily on reproductive 
9f explicit: A possible reason for this lack 
Produetiy, ness, which is shared by many re- 
eitman E theories, has been suggested by 

(1970) who points out that most 

oried by Pub- 


ees. us 

lic 1 MER Pegs this paper was supp 

th afi hes Research Grant MH-07722 from 
fu] rs would lena of Mental Health. The au- 
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C» ei 

s n, Dena for reprints should be sent to Guy J. 
hiversity, pement of Psychology, Carnegie-Mellon 
* Now ot Pittsburgh, Pennsylvania 15213. 
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memory theories have been concerned with 
defining global functions rather than specific 
processes. Since memory may actually con- 
sist of a large number of heterogeneous 
be more profitable to in- 
applicable to a highly 
The purpose of this 
eing used 
the addi- 


processes, it may 
vestigate the processes 
limited task domain. 
paper is to examine the processes b 
in one such limited task domain : 
tion of two integers. 

ingle-digit numbers 


The addition of two si 
can be viewed as either a reproductive or a 


reconstructive process. Most frequently, it 
is viewed as the former, consisting of the re- 
trieval of a stored number fact which has 
been previously learned as part of the addi- 
tion table. Indeed, this assumption, which 
goes back at least as far as Thorndike 
(1922), forms one of the chief bases for the 
way arithmetic is taught, a child’s ability to 
add two digits being viewed as evidence that 
he has memorized an association between 
the two digits and their sum. Although this 
assumption has never been examined empiri- 
there are commonsense grounds for 


cally, 
luctive process plaus- 


rendering such a reproc 
ible. For example, considerable time is de- 


voted in elementary school to making chil- 
dren memorize the addition table, by means 
of such techniques as flash cards. More- 
over, no effect is usually made to teach any 
specific algorithmic rule, such as is later 
taught in connection with the addition of 
two-digit numbers. 
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On the other hand, it is clear that addi- 
tion is closely associated with some kind 
of counting process. Although a coining 
algorithm is almost never specifically taught. 
addition is usually introduced by demonstrat- 
ing, in some way, its relationship to count- 
ing. Also, children (and some adults ) 
frequently add by overtly “counting on their 
fingers,” despite the fact that behavior of this 
kind tends to be severely discouraged in the 
elementary school. In fact, many children 
actually learn to add by counting before they 
ever reach the elementary school. Clearly, 
adding by counting involves the application 
of a learned rule rather than the retrieval of 
a number fact. Tt is a reconstructive process, 

There are two advantages to beginning an 
analysis of the Processes used by individuals 
i addition problems with a 
possible counting models, 


at given the current state of 
our knowledge of semantic memory, 


possible range of counting models is con- 
siderably Narrower than the possible range of 
memory models, The second is that it is 
a relatively simple matter to construct count- 
ing models that will predict systematic dif- 
ferences in reaction times to different prob- 
lems. This is important because reaction 
time is the simplest dependent measure to 
use with problems of this lype. Solutions 
to such problems are usually generated so 
rapidly that problem-solving Protocols yield 
little insight into the process. Similarly, 
errors are infrequent enough, except with 
very young children, that adequate error 
analysis is not feasible, 

A classical technique for 
reaction time data, the natu 
esses involved i, $ à simple task 
is the method of chronometric analysis, first 
Proposed py Donders and more recently 
reformulated by Sternberg (19693), Al- 
though this technique lapsed into disuse for 
many years, it has Tecently received a num- 
ber of applications to the analysis of pro- 
cesses in pattern recognition (Posner, 1969). 
memory search (Sternberg, 1969b), 
mentary deductive 


inferring, from 
re of the proc- 
1 performing 


and ele- 
reasoning (Chase & 
t An exception is the 


educational television pro- 
gram “Sesame Street.” 


d 3 = - 
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Clark, 1971). Tt essentially consists s 
set of techniques for partitioning reac à 
times into additive components. The sae 
est case occurs when a process rues 
composed into a number of rni ni 
If this is the case, then it can easily ; 
shown that under suitable statistical assump- 
tions, the reaction time will De a linear fume 

tion of the number of steps required to per- 
form the task. The memory search pro- 
cesses considered by Sternberg are of T 
type, as are the counting models considere 

in the present paper. 


Five Counting Moves 
For problems of the form in +n, Lg 
m and n are nonnegative intege ait le 
sum is less than or equal to 9, it is possi s 
to distinguish between five different pecie 
ing procedures that might be used to pee 
the problem. In order to distinguish in 
tween these procedures, it is convenient 1 
consider a counter on which two epe 
are possible. One Operation is setting e 
counter to a specified value. It is assume? 
that this automatically erases the previous 
value of the counter, The other operation 
is incrementing the value of the counter Py 
one. The addition operation is performec 
by setting the counter to an appropriate 
number and then successively incrementing 
it by one a suitable number of times. This 
Process is illustrated in Figure 1, 
Using this counter, an addition problem 
can be solved in the following ways: 


l. The counter is set to zero; both jr and 
n are added in by increments of one 
The counter is set to qi (the leftmost 
number) ; j| (the rightmost number) is 
d by increments of one. 


2. 


then adde 


HAVE x 
ONES BEEN 
ADDED? 


H 

EXIT WIT! 

SET COUNTER YES | "ex IN 
TOo 


COUNTER 


l A 


: 3 " r to d 
device Which sets a counter t 
and adds 


H ne. 
T to a by increments of oi 


e E E E E 
————_—__— 


— 


3. The c Ti 
ines foe Is set to n (the rightmost 
in wd (the leftmost number) is 
A The a an inctémants of one. 
"ape en set to the minimum of 
ee eer sneering of m and n 
ae l by increments of one. 
Phal 6 s. set to the maximum of 
ie ther is je minimum of m and n 
added by increments of one. 


In order y 

ive a eve predictions from these 
assumptions EG necessary to make two 
perform the qa the time required to 
tions: (a) Ie and incrementing opera- 
Counter is ; Ths time required to set the 
4l that js assumed to be a random variable 
the fe of the value to which 
9 intemen the c (b) The time required 
to be a rande 1e counter by one is assumed 
ent of the See variable B that is independ- 
"cremented arid of times the counter i 
set to a bens Suppose that the counter 1s 
t times by as value and then incremented 
by the oan Then the total time T taken 
Is given | er to perform these operations 

y the equation : 
T=A+ Be [1] 


It t 

. e co usn . " 

tion st is being used to solve an addi- 
blem then, corresponding to the five 


Mode] 
ie Ed above, v is determined as 
Model 
l. r= 
Model i x +n 
Model m 
Mo 
ew = max (m, n) 
e min Cut, n) 


it is inconvenient 
it stands, since 
riable T di- 
licitly de- 
An alter- 


For pr: 


t actica ses 
to consid 1 purposes. 


in order i Equation | as 
rectly, it s treat the random va 
fine the A be necessary to exp 
Native a, LRL of A and P. 
reaction RE is to consider the mean 
time, bud ne. Let a be the mean setting 
the ike ton time required to increment 
reaction tin by one, and let / be the mean 
“Is inde ant a given problem. Since 
ndent of B, it follows from Equa- 


tion ] 
XB and tl f ae 
tations that 1e properties of statistical expec- 


P= ab be [2] 
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where x ds determined as before. This is 
a linear model with two free parameters, a 
and b. It predicts that given the values of 
a and b (which are constant over problems), 
the mean reaction time is completely deter- 
mined by the value of .r, the number of times 
the counter must be incremented. For a 
given model, this value can, in its turn, be 
completely determined for each addition 
problem by the values of the two numbers 
being added. As a result, each model can be 
evaluated by fitting a. regression line to ob- 
served response latencies. It should be noted 
that Equation 2 is only intended to apply to 
responses. There are no grounds 
ig that a subject who makes an 
any of the five counting 
It should also be 
assumed that 


correct 
for assumit 
error is using 
processes outlined here. 


noted that it has only been 
ses of the addition process are addi- 


Since it has not been assumed that 
they are statistically independent, it is not 
necessarily true that var (T) — var (A) + 
var (B) (Sternberg, 1969a ). 

The description of the various counting 
algorithms has left a number of features un- 
defined. For example, a process that exe- 
cuted these algorithms would need to contain 
at least one additional feature: some means 
of keeping track of the number of ones that 
have been added. The most obvious way to 
do this is to augment Figure 1 by introduc- 
ing a second register which is initially set 
to zero, and is incremented by one each time 
the main counter is incremented. The test, 
“Have v ones been addec would then 
be performed on this auxiliary register. 
Since the operation of this register can be 

ach of the five count- 


assumed to influence e 
ing algorithms in a uniform fashion, and 


since it is difficult to conceive of a way in 
which this operation could affect the linearity 
of the predictions. it is not discussed any 
further. 

Another feature left unde 
is the process used, in. Models 
find the minimum and maximum 
Some valuable empirical informatio 
able in this connection. Moyer and Lan- 


dauer (1967) performed an experiment 10 
e required to judge which 


which subjects wer 
of two numbers was the larger. every POS 


the st: 
tive. 


fined, up to now, 
4 and 5, to 

addends. 
n is avail- 
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sible pairing of the digits 1 through 9 be 
used. They found that the ee this 
judgment increased as the absolute i Ws 
beween these numbers decreased. On the 
Surface, such a result might be expected to 
distort the linearity of Equation 2 if Models 
4 or 5 were actually being used. However, 
given the experimental design used by 
Moyer and Landauer, the absolute dif- 
ference and the magnitude of the smallest 
of a pair of numbers are highly correlated. 
Parkman (1971) replicated Moyer and 
Landauer’s procedure and found that there 
was indeed a strong linear relationship be- 
tween the judgment latency and the magni- 
tude of the smallest of the two numbers in 
the stimulus display. In fact, this variable 
turned out to provide a much better fit of 
the data than the absolute difference orig- 
inally Proposed by Moyer and Landauer, 
This result Suggests a process, quite com. 
patible with the counting algorithms pro- 
Posed in the present Paper, in which the sub- 
ject searches (or Benerates) the discrete 
number line, beginning with one and continu- 
ing in increments of one until he finds one of 
the two numbers, This number is then tagged 
as the minimum, while the other number is 
tagged as the maximum, As far as the 
effect of this Process on the reaction times 
to addition problems is concerned, it is im- 
portant to observe that the regression line 
arkman, using adult Subjects, 
had a slope of only 10 milliseconds (slopes 
of about this same order of Magnitude have 
also been obtained in a similar experiment 
with 10-year-old children). As a result, it 
Seems reasonable to assume that if the re- 
Sression estimate of the parameter b in 
Equation 2 is sufficiently Sreater than 10 
milliseconds, then the process of finding the 
largest and smallest addends has only a 


second-order effect on the reaction times to 
addition problems, 


Finally, it is clear 
undefined processes 
ceiving the problem 
sponse, 


that there are other 
involved both in per- 
and in making the re- 
A convenient working assumption 
is that the effect of these processes on the 
Tesponse latency is a constant. Although 
this assumption has no effect on either the 
linearity of the predictions or the value of 
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1 a 1 arce Dt. 
the slope, it does inflate the meer 
Hence, the empirical estimate of a o js 
from the regression analysis aer 
Viewed as an accurate estimate of the se g 
time, 


ADDITION IN CHILDREN 

While a number of studies of wis 
addition have been performed (eg, Nnig Mi 
& Behrens, 1928), these have all been met 
mative studies designed to determine p 
Problems tended to be most difficult iles 
children. The interpretation of these stud ies 
for the purpose of inferring underlying o E 
cesses is almost impossible because the per 
were reported in the form of indexes e 
Were composites of various response vid 
sures. The only evidence for or editi 
any of the models considered in the oe 
ing section comes in a paper by Whee ix 
(1939), who showed that the rank pore: 
of addition problems, on the basis of Ing) 
and Behrens’ difficulty index (which d 
partially based on latencies), was correlated 
With the smallest of the two numbers being 
added, 

Suppes and Groen (1967) analyzed data 
from an experiment originally designed for 
quite a different purpose (comparing addi- 
tion with subtraction), and found that Model 
5 gave a considerably better fit than any of 
the other four counting models, The sub- 
jects in this experiment were children in the 
first grade of elementary school, Each sub- 
ject was shown a sequence of addition prob- 
lems whose sum was less than five, and e 
required to answer each problem by pressi 
an appropriate button on a response vem 

regression analysis established that Mode 
5 gave the best fit to the correct response 
times. The results of this experiment, as 


5 arized 
far as Model 5 1s concerned, are summarize 
in Table 1, 


It is clear 
regression 


$ rious 
means. there exist two seric 


eting these data. One 5 
ems with identical m 
Systematically lower t y 
alues, Indeed, there a nc 
ney exhibit any linear io y 
The second difficulty is that on™ 
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two of 
the on 
Tid a e problems used in the experiment 
fact that ur Addend of 2. Hence the 
imply that ^ 5 fits the data may merely 
: is faster to add 0 than to add 1. 


An Evboy; 
“perimental Test of the Five Models * 


This 
5 experin ; 
wen s desig 

the five T t was designed to evaluate 
fashion, 1 ing models in a more adequate 
Problems g particular, a wider range of 
able to bis used. It also seemed desir- 
Or not 28 a means of deciding whether 
cesses, A jects were using different pro- 
Signed so xa result, the experiment was de- 
analyzed hat each subject's data could be 

i ^ed separately, 

Method. ” : 

5 males NAT rere consisted of 37 children 
Clementar,, al 22 females) in the first grade of an 
de-el : Lus tool in a predominantly upper-mid- 
area, Thi in the San Francisco Bay 
and their a average: age ‘was 6 years 10 months, 
ment was Nerage Binet IQ was 125. The experi- 

S conducted toward the end of the school 


Year 

jl, and a Es ma 

; all the subjects had been taught addition. 
t none of 


specifically 


“Nquiri 

ics 

he oa the teachers revealed tha 
taught, ing algorithms had been 


Ehe 
VS d of all 


Tl Problems ials used as stimuli consiste 
Xe problen with a sum less than or equal to 9. 
ems of t ms were presented as row-addition prob- 
Ling to fe form m-+n=—, the subjects task 
random " nd the missing number. Six different 
üctly the resentation sequences, each containing ex- 
Phe P s set of 55 problems, were, prepared. 
Way that om ordering was constrained in such a 
RG erie following sequences did not appear: 
Owed p ems with the same answer; m+n fol- 
Ue Si mbk; m+n followed by kn. 
Screen p bject saw each problem prod 
n nur means of a Carousel Projector. 
10 butto of him a response panel with a row 
SPonse E marked 0 through 9, and made his re- 
Allowed Y pressing one of these buttons. He was 
and bert. long as necessary tO make the response, 
e subi was an interval of 2 seconds between 
ext Beane response and the presentation of the 
answer Nem. During this interv the correct 
Slide pr was displayed on the screen. Both the 
Nected EL and the response panel were con- 
o a Beckman timer, which measured the 


respe 

5ponse late! nea 
tency to an accuracy of 5 milliseconds. 
a soundproot 


ected onto à 
He had 
of 


n 
al, 


le: experi 

trailer RS was performed in 
Jeets went o on the premises of the school. Sub- 
m their classes to the experiment in 


Each subject 


Ne course 
ourse of a normal school day 
minutes 


Was 

run in se z 
each ions lasting at 5 
fach on five successive days. niost i» 


BA; 
a more extended account i 
Riven by Groen (1967). grethis, experiment ds 
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TABLE 1 
REACTION TIMES OF CHILDREN TO 
ADDITION PROBLEMS 
Number of | Reaction times 
Min(m,n) | observa- | > 
tions | 
Predicted | Observed | Ties 
F | 
0 | 10 | 2.98 
1 | 7 | 2:67 
] 2 3.70 


The first day began with a preliminary task, in 


which the subject was successively shown the 
numbers from 0 to 9 in random order. His instruc- 
tions were to press the button that was the same 
as the number he saw on the screen. After having 
completed this preliminary task, the subject was 
told that he would be shown some slides on which 
there were two numbers, and that he was to “press 
down on the button that is the same as the 
answer you get when you add the two numbers 
together." The main sequence of 55 addition prob- 
lems was then presented. During the course of 
the experiment, the experimenter sat behind the 
subject, so that he could not be seen unless the 
subject deliberately turned around. Ti the subject 
seemed at all uncertain of what to do, he was told 
to punch the button that was the same as the miss- 


ing number. 
The proce 


dure during subsequent sessions was 
almost identical to that on the first day, the 
subject being required to perform both the pre- 
liminary task and the main ta The only dif- 
íerences were that the instructions were omitted 


and a different sequence of problems was used on 
each day, according to terbalanced 


a suitably coun 
design. 

Results. The first day of the experi- 
ment was viewed as a training day, the func- 
tion of which was to familiarize the subjects 
with the apparatus and with the task. The 
evaluation of the models was based on the 
mean latency of a correct response, computed 
over the last four days for each subject and 
each problem. Hence, each data point was a 
mean based ideally on four observations. In 
computing these means, two types of ob- 
servations were omitted : incorrect responses 
and outlines with excessively long response 
latencies. As far as the outliers were con- 
cerned, the cutoff point was set at 10 sec- 


All responses with a latency greater 


ere omitted from the anal- 
ider 


f outliers was ul 
any outliers at 


onds. 
than this value w 
ysis. The average rate 0 
1%. Only 12 subjects had 


334 


all, and only 2 had more than three outliers. 
The overall error rate was also low. Ng 
subject had an error rate of more than 10 ot. 
the mean being 3%. Twenty-seven subjects 
had an error rate of less than 5%. The 
problems with the highest error rates were 
2+5,542,2+46, and 543. These four 
problems all had 13 errors out of a possible 
148, an error rate of slightly under 9%. 
The models were evaluated by fitting five 
regression lines, one for each mo 


del, to the 
mean success latencies of each subject over 
the last four days. 


In this way, five values 
of F, the standard Statistic for the signif- 
icance of the slope parameter b, were ob- 
tained for each subject. In order to decide 
which of the five models provided the most 
adequate account of the data, two criteria 
were used: The first criterion 
model maximized F. 
Used to select the best model for a given 
subject. The second criterion was whether 
F(df = 1/53 ) was significant at the 01 level. 
This criterion Was used to reject 

whose maximal F might reflect random error 
rather than the fit of any model, 

The outcome of applying this analysis to 
the data of each subject was that an indivi- 
dual's data were either accounted for most 
adequately by Model 5 
adequately accounted for by any of five 
models, Twenty out of the 37 subjects re- 
ceived significant maximum Fs on Model 5, 
All but one of the remaining subjects failed 
to receive a significant F on any of the five 
models, 

It seemed possible 
Model 5 over 
to a statistical 
variable had 


was which 
This criterion was 


subjects 


? or they were not 


that the 
Model 1 might | 
artifact, since 


a range of 5 
model, whereas it had a r 


for Model 1. In order 
sibility the entire an 


superiority of 
ave been due 
the independent 
values for this 
ange of 10 values 
to check 
alysis was re 
a subset of 18 problems selected in such a 
way that Model 1 placed six of them at each 
of the points a =7, x *+=9, while 
Model 5 placed six at each of the points 
Fal - The results of this 
analysis were almost identical to the preced- 
ing one, except for a tendency for the 
of F to be lower, 


this pos- 
peated using 


>32 v= 


values 


Guy J. Groen axp Joux M. PARKMAN 


For subjects whose data were = a 
counted for by Model 5, the "ees = E 
intercept parameter a ranged from 152 i be 
onds to 4.65 seconds, while the slope po E 
eter b ranged from .12 second to har. 
ond. In order to obtain an overall es et 
of these parameters, the mean ipee e 
cies, averaged over the 19 subjects "x »sobs 
by Model 5, were computed for each | 


: on fitted for 
lem. A regression line was then ee 5 
each model Not surprisingly, Mod 


gave by far the best fit (F = 70.8 vs. Le 
vas for Model 1). The intercept parameter 
was estimated to be 2.53 seconds. while are 
slope was .34 second. These wore 
sufficiently close to those obtained by Sur : of 
and Groen (1967 ) to indicate the per ice 
the two experiments are actually mer 
the same process, The estimate of the nd of 
is also close to the estimate of the pr 
silent counting (Beckwith & Restle, as 
Landauer, 1962), which adds a considera me 
amount of plausibility to the notion that wm 
jects are, indeed, using an actual counting 
process as defined by Model 5. 

Other Processes 
While this an 


5 
alysis shows that Model 
gives a better 


account of the data than BU 
of the other counting models, it does n 
indicate how well the model fits in an ans 
solute sense, That this fit is far from ae 
fect is implied by the fact that the oot 
R? (the Proportion of the variance sre 
for by the regression line), computed n 
means averaged over subjects, is only ia 

O examine the actual goodness AT 
the mean Success latency to each ye) 
was plotted as a function of the SS 
addend. The resulting plot, with the m m 
success latency rounded to the nearest es 
of a second, is shown in Figure 2. In Eu 
graph. a solid dot indicates an observed it de- 
response latency. The figures beside n E 
note the problems whose mean pros is 
tency had the plotted value. Thus, 1! 
used to denote im + "n. For example. 


* 70, 90 


signifies that the 
both had a 
by the e, 


0 
x d9+ 
Problems 7 + 0 - jecifiec 
Mean success latency si 9 4-0 
In the figure, 7 +0 an 
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azp 
* OBSERVED | 
aor O PREDICTEO | pe 
NUMBERS IDENTIFY T 
REEL ks 7 
a a 2 
z 36 7 
3 os a 935,548 
; 
si E 
E 2 
p 
d 
"En ' 
S 
a sob 
2 28 - 
8 " 9$01,.04,49; so "v 
S 6f- *03,05,08,20,30,60 
o Wz, 06,07,09,10,80 — «i8, 7,8 i 
La 
20 
li 
L 
n L 1 : - 
! 2 * s 


Fic. 2. Overall mean late 


mum addend. 


both he 
dots re lateney of 2.3 seconds. The white 
regression : the values predicted from the 
'S the E each v. The dashed line 
analysis egression line resulting from the 
' It is USC described. 
(id from Figure 2 that the most 
“Ssential] he un of lack of fit are the ties. 
his ea the same phenomenon occurs in 
Suppes » To» as occurred in the data of 
have 4 ae Groen (1967). The ties always 
Probleme» er latency than any of the other 
n the ra with the same minimum addend. 
Cliserepane of 2 s 2, 3-- 3, and 4+ 4, this 
a eae is quite considerable. : 
Short m to account for these excessively 
an success ]atenct it 1S conven- 
Should Tr that they are faster then they 
he OS because the subject has memorized 
Could te ae In other words, it 
said that an association had been 


ormed 
d between the stimulus of the problem 
the correct 


ang 
v m p pum consisting of 
ASSociative T course, this need not bea “pure 
Sense, It connection” in the Thorndikean 
might be that the subject has the 
in 5 some type or unm memory and 
n order to find X fast retrieval algorithm 
™portant md the correct response. The 
m ialever casis that it is assumed that 
ne correct del responsible for retrieving 
se takes a length of time 


Tesi 
Sponse gs 
lise Se stored 


neies to cach problem as 


(Dashed line indicat 


a function of the mini- 
es regression line of Model 5.) 
that is short compared to the length of time 
required to generate the same answer by 
means of a computational procedure, and is 
independent of the magnitude of the number 
being retrieved. 

To be explicit, suppose that the solutions 
to ties have been memorized. Then. for 
problem of the form m + n, Equation 1 can 


be changed to: 

P= C for P; 

T=A+ Br otherwise. ^ [8] 
where C is a random. variable representing 
the length of time required to retrieve the 
solution from memory. and A and B have 
the same meaning as in Equation 1. Note 
C is assumed to be independent of the 
problem, since it seems reasonable to assume 
that differences in retrieval time as à func- 
tion of the problem are small compared to 
random variations in C. Much thè same 


type of consideration lay behind the notion 
of making the setting time «1 independent of 
the problem. In fact, A and C are similar in 
that they cant ; “pure” setting 
times and retrieval times, since both are com- 
es of sensory. perceptual, and motor 
ll as whatever internal process 
o setting and retrieving. 

could. be directly transformed 
and fitted to the data as 


that 


not be viewed : 


posit 
factors as we 
corresponds t 

Equation 3 
into expectations : 
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was done with Equation 1. However, this 
procedure has the disadvantage of introduc- 
ing an extra parameter E (C) into the 
models. As a result, it would be extremely 
difficult to decide whether an increased good- 
ness of fit resulted from the introduction of 
a memory assumption or merely from the 
introduction of an extra parameter, To 
avoid this difficulty, it will be assumed that 
E (C) =E (A) =a. 


Equation 3 then becomes 
l=a if m= n, 
t=at+br otherwise. [4] 


In order to decide whether or not 
Viduals actually tended to 
the sort described for the 
analysis, in Which each model was defined 
by Equation 2 with each 
model being defined by Equation 4. Essen- 
tially, all this ; g the value 
of x to 0 


indi- 
use a process of 
ties, the regression 


analyses, A 
and new analyses 
alue of Fob. 


ained a Significant maximum 
Model s. 


hese increases 
Were nof accompanied by increases in any 
of the other four models, The analysis was 
also repeated on the overall Problem 
of Figure 2. The new Model 5 Was 
far the best fitting model (F = 166, jg: = 
6), with an increased gi 
but an unchange, 
"or individua] 
ranged from 1g to 
4$ Compared to a 


on the new 


seconds), 
values of Re 


12 and 
52 for the old model While this new 
Model 5 Produces 4 Much better fit, it still 
leaves about 2595 of 1e variance un- 
accounted for, 


One possible sou 
may be the fact that 
to record the responses, si 
tion times for each key 
preliminary task) did show 
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, - a ;:hole, the 
serial position effect. On the he e 
keyboard Tesponses could be eme; p 

Es ; <imately equa Si 
groups with approximately a x conde) 
0-2 (1.65 seconds), 3-5 (1.85 seco 


E i 
and 7-9 (1.80 seconds). While s E. 
ference between the first group and 


others is appreciable, only 4 of the 55 e 
lems involved responses in this groupa x 
difference between the remaining two piis 
is small compared to the magnitude of 

slo rameter. T 
K rc interesting reason for "e" 
ing lack of fit can best be seen Dom bs 
inspection. of Figure 3, which PUR d 
regression line resulting from the Bene 
Model 5, together with the mean guse pm 
latency for each minimum addend (ties aN 
assumed to have a minimum of zero). hs 
comparison of Figure 3 with Figure € 
veals that although the fit of the pila 
line to most problems is greatly Mw en 
the fit to problems with a minimum ac pon 
of four is Somewhat worse than before. Ms 
most likely explanation is that some atl 
jects have the solutions to these proble "i 
Stored in the same kind of fast access € 
Ory as has been Proposed for the ties. E 
fact, a distributional analysis shows the i 
quency distribution of latencies to these pro y 
lems to be bimodal. Moreover, it turns pr 
to be possible to assign each subject SE i 
unambiguous fashion to one of two distrib 


(SECONDS) 


LATENCY 
r] 
> 


MEAN SUCCESS 
» 
è 


+ —t * a 
o j 2 
MIN im, o) 


ob- 
E ver all pro 
Mean latencies, averaged over 


ies assigne 
the same minimum addend (ties. WEE 
( Solid line indica 
ne of modified Model 5.) 


Ec 


tions ^ E 
end 1967). The mean of the 
close Oup is 4.5 seconds, which is very 
.98e to the value predi , 11s Vely 
Sion line of Figur prec tetea by the regres- 
the faster ale phe git the mean of 
close to ug 5 2.3 seconds, which is 

This Sissi gate d for the ties. 
and problems = the question of why ties 
Our shoud be ii a minimum addend of 
ry whereas aii ^ in a fast access mem- 
Most plausible e problems are not. The 
Possible to eh ages is that it is only 
in fast ace re the solution to a problem 
trieye it T memory, and be able to re- 
ature s subject can find a distinctive 
lor the ‘leas can be used as an “address” 
Ject must roler In other words, the sub- 
9f the ie to discriminate a property 
E from ici which serves to differentiate 
n the case sms with different solutions. 
Ones”... of ties, such properties as “all 
B tse and ene apparent in the visual 
Subjects. ne iene be equally salient for all 
and 4 5 he distinctive features of 5 +4 
mental d arise as an artifact of the experi- 
With a Sa ih they are the only problems 
Doth erate on addend of four, and they 

More s 7 same solution. This is clearly 
Presumed ¢ tle cue, which subjects can be 
Miliar wi aum to use as they become fa- 
ject atende the experiment. _Since each sub- 
it is to m ed only five experimental sessions, 
not Yh expected that some subjects would 
Ever, il learned to utilize the cue. How- 
$ consist, notion that subjects utilize it at all 
Utilizing eng with the notion that subjects are 
Addeng i an algorithm based on the minimum 

n solving other problems. 


ADDITION IN ADULTS 
has reached adult- 


By the. 5 
Y the time a person | 
je a highly over- 


10i x 
gu. fallen has becom i ! 
o So The purpose of this section 1s 
Of this eS what changes occur as a result 
Suggests t canning: The preceding analysis 
there js T The first is that 
cept Bsah raa in the process used, €x- 
Ing time and te 5 decrease in the increment- 
Possibility is d setting time. The second 
to use the procc individuals gradually cease 
Stead, E by Model 5. In- 
Stored in a fast rues. men Pet and it is 

y. This mecha- 
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nism was invoked in the discussion of chil- 
dren's addition in order to account for the 
unusually low response latencies of ties. It 
can be assumed that ties are the first prob- 
lems to be memorized in such a way because 
they are easily encodable. As a result of 
overlearning, the individual might develop 
efficient ways of encoding the other prob- 
lems. 

, There are other possibilities too. In par- 
ticular, there are the other counting models 
suggested in the context of children's addi- 
tion. Also, two theories have been proposed 
specifically in the context of adult addition. 
Thomas (1963) has suggested that the men- 
tal processes underlying simple calculation 
behave as an information-processing system 
for which the time needed to perform a given 
arithmetic operation is strictly proportional 
to the amount of information that must be 
handled by the system. From this assump- 
tion, and some notions about how the com- 
ponents of a problem may be combined in 
terms of total information, he has derived 
the prediction that reaction times to simple 
addition problems should be a linear func- 


tion of log (m+n). 

Restle (1970) has 
model which views tl 
addition as analogue operat 
to the digital operations assumec 
According to th 
ented internally in the 
The individual per- 


tentatively proposed a 
1e processes underlying 
ions, in contrast 
1 by the 
counting models. is model, 
numbers are repres 
form of number lines. 
forms an addition by converting the magni- 
tudes of m and n into disjoint segments of 
a continuous internal number line and then 
estimating the length of the two joined line 
segments. Restle suggests that when m and 
n differ to increasing extents, mental manip- 
ulations of the distances postulated by this 
model should be easier, and latencies should 
While the form of the function is 
unspecified, the prediction that response la- 
tencies should be a linear function of |m — n| 
(which Restle terms the split between the 
two numbers) can be viewed as a first ap- 
proximation. 

In principle, it is si 
these alternative possibilities. 


decrease. 


mple to test between 
The first im- 
fit of Model 5. 


plies a straightforward linear 
Both Thomas’s model and the linearized 
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TABLE 2 
COMPARISON OF R? FoR VARIOUS MODELS 
Value of R? 
Wes E 
Adults Children 
1 m+n 1 ll 
2 m 18 .01 
3 n -36 04 
4 max (m,n) 34 .02 
5 min (m,n) Bc .80 
Thomas log (m+n) 58 312 
Restle [m=z] -09 .32 


Note, —Adult data from Parkman and Groen (1971), 


Restle model imply equally straightforward 
linear fits of log (m+n) and [m — n], 
respectively, On the other hand, the fast 
access memory model implies the existence 
of no Systematic effects at all. In particular, 
it implies no Systematic differences between 
ties and other problems, However, because 
the response latencies of adults to Problems 
of this kind are much faster than those of 
children, it is difficult to investigate these 
Processes by me 


mental Paradigm used with the chil 


dren. The 
Production of 


olution to 
à voice key or 
atencies, 


tus of this kind tends to produce extraneous 


effects that may mask small, but Systematic, 
latency differences. Asa Tesult, it is nec- 
essary to make use of a more indirect para- 


digm with simpler responses, 
Such an 


by Parkman and Groen (1971), w 


ere single 
The sub- 
a yes button if p 
(eg, Stg 09) and 
k was unequal to 


ý : On half of the 
instances), the presented 
solution was equal to the true sum, On the 


remaining trials (negative instances), the 
Presented sum differed from the true sum 
by not more than --2. Apart from this, 
the procedure was the same as with the 
children, except that a broader Tange of 


m+n 
trials 


AT" 


M. PanKMAN 


problems was used m problems with a 
true sum of less than Je -— 
On the basis of the data from this ge 
ment, a value of R? can be computed ler 
each model by fitting the appropriate um 2 
Sion line to the mean success enen A 
individual problems. These values dies pem 
in Table 2. In this analysis, ties have i 
omitted, and positive and negative Pel 
have been pooled. For purposes * Wi 
parison, the corresponding values of xis 
tained from the children's data, again ot zi 
ting ties, are also shown. It can be "V 
that the adult data resemble the ve 
data in that the minimum addend (herea e 
referred to as the min) provides the best 2 
It differs in that the sum of the x 
addends (hereafter referred to as the su = 
accounts for almost as much variance, 
the min, whereas this is clearly not € 
case in the children's data. The fact Tis 
the statistic Suggested by Thomas —— 
for 58% of the variance of the adult oa 
can be attributed to the obvious corr 


è E : E he 
lation of this variable with the sum. T 
moderately 


high values of R? obtained y 
the max, in the case of the adult data, ver 
Restle's split, in the case of the clin 
data, reflects residual effects that are s 
compared to the effects of either the mi 
Or the sum. - 

Since the task used with adults was not 2 
pure addition task, the results of Jie E 
are not sufficient, by themselves, to i 
any of the proposed models, Howett o^ 
Will be most convenient to put this ineat 
aside for the moment and row 
the effect of a single variable: the min. ane 
ure 4 shows the mean success ere 
positive and negative instances as a func a 
of this Variable, together with the AE nd 
Priate regression lines. Ties are also ne 
plotted Separately from nontie prob edd 
With positive and negative instances pois 
This graph has two main features. The s as 
is that ties have the same har miri, i57 
with children : they are uniformly linear 
than nontie Problems and show n any 
trend as a function of either the min o! The 
of the other Variables of Table 2: res- 
Second main feature is that the regre 


: m- 
i z ative 
Sion lines for positive and nega 


eee 
ey 
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900 


800 


LATENCY (MILLISECONDS) 


700 


MEAN SUCCESS 


Y's 732.84+19.9% 
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ot 
e 


ad 
ot 
EI 


= 
s 


MIN (m, n) 


(Filled circles refer to negative i 


computed from Parkman & Groen, 1971.) 


for n ; 7 
i begin instances and 733 
oF instances) but 


This 


ela Stang 
4 C08 have di n 
| ave different intercepts (657 milli- 
negative 


affect; 

4 Variables. a a different stage than are the 
SUB gests oe the intercepts, and 
these zm lat the processing durations of 
live mai Pective stages are related in an addi- 
Plies tl nner (Sternberg, 1969a). This im- 
Problema the process used to solve these 
'e Pee be viewed as having two addi- 
Portional S: one which has a duration pro- 
Turatio, to the min, and another with a 
Stances that depends on the type of in- 
that have been presented. 


: n 
or È K 2 
Process der to discuss the nature of this 
more precisely, it is convenient to 
ent structural 


Int 
rod 
CR ys notion of a sali 
Such as t structural variable is a variable, 
Mined ew Sus whose value can be deter- 
Problem Tas structural components of the 
Counts Peor a variable is salient if it 
Ombinatio; he data, either by itself or in 
Structural x d other variables. Since a 
inge variable is defi Gi E 
er xac 3 ned in a cess- 
us ndent fashion, it corres A Digne 
Hd rOcesses rather than to ponds to a class 
ence. fr > 3 a uniq 
; from an extremely si "s process, 
rict point of 


nstances, Crosses refer 


| 
-i 
600 
o 1 
F 7 
1G. 4, Mean latencies of adults as a function of the m 
to ties. 


ninimum addend. 
Data re- 


rred from the results 
additive 
alient structural vari- 
type of instance. To 


view, all that can be infe 
of Figure 4 is the existence of an 
combination of two s 
ables: the min and the 
stop at this point is clearly unsatisfactory. 
To go further, however, it is necessary to use 
arguments based on plausibility rather than 
on strict necessity. In this connection, a dis- 
tinction can be made between two kinds of 
plausibility : empirical and theoretical. A 
process is empirically plausible if it is suf- 
ficient to account for the salient variables. 
Tt is theoretically plausible to the extent that 
it can be defined in terms of a well-defined 
model of minimal complexity. 

The most plausible first step in explicating 
the processes underlying the results of Fig- 
ure 4 is to propose that the min corresponds 
to an addition stage, during which the sum 
of m and n is somehow found, while the type 
of instance corresponds to a second stage 
during which the result of the addition stage 
generate a yes or a no response. 
There are a number of arguments in favor 
of this proposal. One is the fact that the 
min turned out to be the salient structural 
variable in the experiment with children, 
| made use of straightforward addition 
Another is that it seems currently 
ostulate a theoretically plaus- 
kes the min reflect any- 


is used to 


whicl 
problems. 
impossible to p 
ible process that ma 
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thing other than addition. Finally, it is pos- 
sible to give a quite detailed account of the 
Processes underlying the second Stage (Park- 
man & Groen, 1971). Since the main issues 
at stake in the present Paper are concerned 
with the addition stage, the Processes under- 
lying the second stage are not described here, 
except to mention in Passing that the dura- 
tion can be accounted for by either a com- 
Parison process or a response organization 
process, 
A similar analysis can be made 
of the other structural variables, 
gression analyses are performed o 
and negative instances separately 
variable, both the values of R2 
mates of the slope parameters are identical, 
This implies that a low value of R? in 
Table 2 actually does imply a relative inade- 
quacy of a given model in accounting for the 
addition Process. "This can be interpreted as 
providing fairly decisive evidence against 
homas's theory as far as this range of 
problems is Concerned, The same is not true 


in terms 
When re- 
n positive 
for a given 
and the esti- 


It can 
Ver, that if the process 


actually used by sub- 
addition Problems, then that 
ly be linear for the 
idered in this experi- 


Tt might seem legitimate to conclude that 
the process used by adults is identica] to that 
used by children, However, there are two 
Serious Obstacles to a conclusion of this 
kind, ne is the fact that the Sum is as 


as the min (re. 


ntercepts of 616 
sitive and 68g milliseconds 


a num- 
One js 
Process de. 
Problem of 
a developmental 


fined by Model Te 
begging the question of why 

8 Particular tasks, especially t 
employed, may make a most imj 
the proce 
that Rest 
approximate 


he mode of response 
ortant difference in 
subjects use, It is not inconceivable 
task would encourage subjects to use 
and perhaps analogue methods, 
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transition should occur from Madel s E 
other possibility is that the ge E. 
cess actually is that defined by quA us 
it differs from the process used by mu on 
in certain detailed aspects whose nature in 
not be revealed by the approach used in 
resent paper. A 
i The other obstacle is the fact that the wi, 
of the regression line for children 18 lod 
milliseconds whereas the corresponding s di 
for adults is 20 milliseconds. Thus, ine 
adult slope differs from the children’s eh 
by a factor of 20, Since the rate of pr. 
counting in adults is at best one nur a 
every 150 milliseconds, it is negessary. w 
conclude that if adults actually do Lu ard 
process defined by Model 5, then fer M 
not incrementing by counting to fes: 
In children, on the other hand, the saison 
dence of the incrementing rate for adc "e 
with the Speed of silent counting gives we 
grounds for believing that the pro 
actually is based on silent counting. oth 
other words, if Model 5 holds for. sing 
children and adults, then the Sea E 
Process based on counting that is -— 
children must be replaced by an incremen 
Process of an unknown nature. T 
t may not be entirely aep. 
the memory search rate obtained by 5 criil 
berg (1969b) is of the same order of mag 


r 
: ing rate fo 
tude as the Presumed incrementing yrs de- 
adult addition, The counting proces: 


fined by Model 5 can be viewed as a e. 
Search process in which the setting £o 
tion corresponds to generating a list o. orrel 
bers and the incrementing process € list: 
sponds to finding the next item on hese 
However, further speculation along onda 
lines would be premature. The conte te 
ence between the memory search that er 
be used in adult addition and the pem 
Search postulated by Sternberg is not ceni 
Iso, one would expect pm 
Changes in Search rates, using rand 
Paradigm, that corresponded to ihe «peril 
in slope observed in the addition per 
ments. While the evidence is quite of o 
tive, it Currently seems that the ra 


is ap^ 
Üidren ís 
memory Search for young childre 


Jn 


Se 
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proximately P 

gern, & ae d adults (Hoving, 

ecaus a ees 
eei £ hing difficulty in defining the 
Slope, it is dose underlying this change in 
I ent ki deem to consider a quite dif- 
this litplfes E: explanation. Essentially, 
slopes is du that the observed difference in 
Dose that Ed to an artifact of averaging. Sup- 
tion problen adult has the solutions to addi- 
Uppose, h 18 stored in a fast access memory. 
Verts Oi TaT that he occasionally re- 
tion, M childish Way of performing addi- 
childish Pm precisely, assume that this 
Model ed of doing addition is defined by 
Such a e that the probability p that 
Over all Dm will take place is uniform 
'quation 3. 3 ems. Using the notation of 

» it follows that 


TE : 
hk. E With probability 1 — p, 
«t+ B min (m, n) with probability p. 


Or simplici 
m : r 
and ek it can again be assumed that 
. C'Inition ave identical means. The standard 
ilies EUR conditional expectation then 
lat the mean laten is giv 7 
e equation: a ney f is given by 


t= 
E a(1— p) + (a+b min (m, n))p 
a + pb min (m, n). 


m this i 
inear fur duntion, the response latency is a 
ictiong nm of the min. Hence, the pre- 
5 stinguishabt by this new model will be in- 
ne a ch B ble from those made by assum- 
Tower, ange in the rate of incrementing. 
Sr, it is now clearly unnecessary to 
Nan Me incrementing rate that is faster 
Ose, for speed of silent counting. Sup- 
S actual] example that the rate for adults 
ie, ES the same as the rate for children 
nds) , m one increment in 400 millisec- 
Seconds w ipu 2H observed slope of 20 milli- 
: In SUM result in a value of p of about 
Enunsd ao tr ee reversal to the child- 
Nee in RS Soa have to occur only about 
Observed adl 0 problems to account for the 
he assun Tis e 
.quation ie tae used in deriving this 
bur n order to ao Ei vui iege as p 
omplexity the basic E HE EN 
sic point that it is 


B 
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unnecessary io postulate an unknown high- 
speed counting process in order to account 
for the linearity of the adult latencies as a 
function of the min, It should be men- 
tioned, however, that these assumptions can 
be relaxed in two ways without affecting 
either the linearity of the min or the predic- 
tion of a drastic decreases in slope: 

p 1. It can be assumed that the mean setting 
time is not equal to the mean retrieval time. 
This will influence the value of the intercept, 
but not the slope. Tt will be recalled how- 
ever, that the empirical estimate of the 
intercept reflects additional motor and per- 
ceptual processes. It cannot be assumed that 
these processes are identical in the two ex- 
periments, since there are obvious differ- 
ences both in the age of the subjects and 
the physical nature of the stimuli and the 
responses. Hence the observed decrease in 
the estimate of the intercept that occurs 
with the adults may reflect changes in this 
latter class of processes. 

2, It can be assumed that the probability 
p of reverting to the counting process is not 
uniform over problems. In this case, what 
ensues depends on the distribution of p. If 
the distribution is random, then only the 
standard error of the slope estimate would 
be affected. On the other hand, systematic 
variations in p would be reflected in syste- 
matic variations in the latencies as a function 
of some structural variable other than the 
min. In general there is no reason why 
this variable should combine with the min 


in an additive fashion. 
To summarize, the difference in slopes be- 

n children and adults can be accounted 
by a single-process model 
or by a 


twee 
for in two ways: 
with an unknown counting process, 
process model in which the reproductive 
ss which children already use in a 
es such as 2+ 2 is 


two- 
proce: 
local fashion to solve ti 
used by adults for all problems most of the 
time. From a purely formal point of view, 
there is no way of distinguishing between the 
two models on the basis of the mean laten- 
However, if there is no real corre- 
e between the postulated high-speed 
and the high-speed scan- 


cies. 
spondenc 
counting process 
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ning discussed by Sternberg, then the two- 
process model provides a considerably more 
plausible explanation of the data than does 
the single-process model. It might be ob- 
jected that the two-process model does not 
explain what causes the Strategy Switch. 
Presumably, it would occur if retrieval were 
to fail. While it is currently impossible to 
elucidate this process, it is we 
such observations as the "tip of the tongue" 
phenomenon (Brown & McNeill, 1966) that 
Such failures to retrieve are quite common. 
Tt is reasonable to anticipate that a person 
confronted with such a failure to retrieve 
would fall back on a reconstructive 
algorithm, 

The main emphasis of this paper has been 
on reconstructive processes. The reason for 
this emphasis is that it turns out to be a 
relatively simple matter to formulate well- 
defined, intuitively plausible reconstructive 
models that yield strong empirical predic- 
tions. On the other hand, the Possibility re- 
mains open that the latency phenomena de- 
scribed in this Paper may arise from a com- 
plex reproductive process, In fact, it is 
not difficult to think of a number of retrieval 
models in this vein. For example, the count- 
ing models could easily be reformulated as 
retrieval algorithms that calculated an index, 
rather than a sum, with the index being 
used for a memory retrieval operation, 
Alternatively, one might reformulate each 
model in terms of a list. structure. The 
setting operation might then correspond to 
an operation that accessed a given list, while 
the incrementing operation might correspond 
to finding the next element on the ist. 
Models of this kind have not been discussed 
the present Paper be- 
found possible, up to 
now, to formulate a well-defined model along 
these lines without introducing an 
sive number of arbitrary 
over, a variety of reprod 
on quite different assumptions, are indis- 
tinguishable on the basis of the kind of 
experiment considered here. Despite this 
unsatisfactory state of affairs, some indirect 
Support for this possibility comes from an 


ll known from 


exces- 
assumptions, More- 
uctive models, based 
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investigation by Parkman (1972) of 2 
plication in adults. Using a direct uw. 
to the procedure of Parkman an "E 
(1971), it was found that latencies incre a 
monotonically as a function of the ee. 
multiplicand. However, there are e 
discrepancies between the results for n "d 
plication and the results for — aa 
most important of these arises with the 3 
Tt will be recalled that latencies of wo. 
addition problems are not related to the 
size of the addend. In multiplication, a 
latencies of ties turn out to increase E. 
size of the multiplicand increases. d 
theory that attempted to account for ae 
plication and addition on the basis pa " 
Same reproductive process , would = E 
explain why this relationship is preser At 
multiplication but absent in addition. Ww 
present, the task of formulating a 
tory explanation seems fraught with a 
culties. On the whole, the question of p b 
cisely which process underlies pedem. 
on simple addition problems is likely to M 
main open until considerably more is knov 4 
about the role of reconstructive and fep 
ductive processes in other- aspects of — 
tic memory. The present paper i 
points to some promising possibilities E 
Some potentially useful experimental results: 
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Fourteen studies from 


bles: 
tion of the signal, 


response criterion in tł ej 
developed in recent lat 


ing two general energy-processing activiti 
going on in parallel 


impulse “countdown”, 
delay, 


The purpose of this 
a quantitative underst 
with which the simpl 
(RT) depends on the 
the stimulus, A fund: 


study was to develop 
anding of the manner 
€ visual reaction time 
physical parameters of 


pose. udy was also an 


e ative Seneralizabil- 
ity of the RT literature, 


Parameters other than those which de- 
scribe the signal are also important (Teich- 
ner, 1954), but have been largely ignored in 
this study. Since the present data were the 
absolute RT values of published studies, dif- 
ferences in the data among studies that 
might be associated with the effects of the 
ignored variables were assumed to be small 
and unsystematic. There were three excep- 
tions, First, Uncertainty in the time of 
arrival of the signal was assumed to be 
important, and only studies for which this 
‘arch was Supported by a 
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in- 
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nt of Psychology. New 
Mexico State University, Box 3452, Las Cr 


uces, 
New Mexico 8800 L 


and monocular versus binocul 
relationships were developed which can be used 


the literature on the reaction time (RT) to a flash of 
light were found which provided sufficient n 


allow for a quantitative analysis of the effects 
luminance, duration, size of stimulus, re: 


nethodological detail and data to 
of the following selected varia- 
Sponse to onset versus termina- 
ar viewing. Mathematical 
to predict binocular RTs 
It was also 
represent a 
the theory of signal detection as 


The results were interpreted as suggest- 
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es—criterion development and an 
Which are in series with a sensory 


M | vere 
uncertainty was thought to be minimal e 
selected for analysis. Second, amp 
certainty was excluded by using only i M 
in which the location of the ‘ar 
known in advance by the subject. diei 
to reduce the scope of the effort, aay Pd 
involving foveal vision and signals pri, 
light were considered. Interest was ee 
on (a) the RT function for a flash e me 
light having no positional ee Gh e 
little or no temporal uncertainty, (i R 
possibility of developing andi. 
models, and (c) the question of w intem 
the available studies are sufficiently ie 
Consistent to permit the above two in cerit 
to be satisfied. The variables of ortus 
were the luminance, duration, and dem of 
signal, whether viewing was monocu Acl 
binocular, and whether response is tight. 
to the onset or the termination of the a 
The data of all studies published betv for 
1886 and 1969, considered exige uM 
quantitative use, were converted to con raw 
units of measurement and treated as mud 
data of this study. Most of the studies e E 
were not used were rejected for em 
provide information about all of the ne 
signal characteristics, 


THEORETICAL BACKGROUND on- 
H . . n c 
Theoretical interest in RT has i and 
tinuous, at least since Berger comer 
Cattell (1886) showed that RT is lus: 
related to the intensity of the visua 


5, ee, 
~ esses — 


——— 


VisuaL REACTION TIME 


The i i 
1 r vm 
i, Sá relationship has since been 
sory Mer din for RT to signals in other sen- 
weil er Mag and may be considered to be 
well desrib e: at least qualitatively. Less 
à scribed ar fects ep -SIpp: 
characteristies e the effects of other signal 
Ince iér 
proaches i on (1920), theoretical ap- 
pone y explanation of RT phenom- 
a V ae ly the intensity relationship, 
three post er with one or more of 
Be ve ulated kinds of RT components: 
"v a z : 
transmissi) short delay required for neural 
On the en (b) a delay which depends 
of the sj " ry or energy characteristics 
cently b yw and (c) as emphasized re- 
pends KS tice (1968), a delay which de- 
and pie Alar PAAR perceptual, cognitive, 
Droposed ational factors. Piéron (1920) 
lh terme a hyperbolic RT function expressed 
Eun of the first two postulated com- 
ts noted above: 


m 
I+d 


Wher, 
is Ehud b are empirical constants ; T 
9 (ONES euius 4 expressed in multiples 
Ples of thr PA for example, in multi- 
nals; and = hold luminance for visual sig- 
Neural delay is an. irreducible minimum 
a given ie which is constant, at least for 
System, Sensory modality and a given effector 
as = enti, a/(I + b), was proposed 
decrease educible margin," a quantity which 
Ses with intensity and is asymptotic 
that Ea a limit. Although Piéron found 
t Equation 1 could be fitted nicely to a 


Var: 
Welt of data obtained in his laboratory, as 
“ord (1960) has noted, the constant, 
ique to each 


set hose curve fits was uniqt pe 
that ie fitted, While Welford suggestee 
of MEER may have been due to the difficu ty 
plausibt HUE high precision data, it is also 
de eig iet either some other function may 
aw, or Ag hace for providing a general 
Ship used by = general form of the relation- 
may not Md PE may be appropriate, but 
Since Piéron ude all of the critical factors. 
Proposed a AMA of investigators Have 
express the dependence other functions to 

of RT on stimulus 


1] 


+K, 
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intensity (e.g, Bartlett & M 54; 
Hull, 1949; Vaughan, DU 
1966: Woodworth & Schlosberg, 1954). — 
_ Stochastic models of RT (eg. Luce & 
Green, 1972; McGill, 1963; Restle, 1961) 
have been concerned with the distribution 
of RT within an individual over a series of 
McGill (1963) has assumed that 


ensity is a random variable, 
ted 


trials. 
(a) stimulus int 
(b) the rate of neural impulses associa 
with a stimulus increases as stimulus inten- 
sity increases, and (c) the subject's response 
criterion can be expressed as a criterion 
number of impulses. On this basis, an in- 
verse relationship between RT and intensity 
may be derived. Grice (1968) has ques- 
tioned the validity of McGill's model as pro- 
posed, since it requires that the subject’s 
remain constant over a 

Instead, he has offered 
1 in which the criterion, 
but not the signal intensity, is assumed to 
vary from moment to moment or trial to 
trial. Both models make predictions about 
the RT-density function as well as the 
mean of the distribution. Both assume 
random, normal distributions. 

Luce and Green (1972) have also pro- 
vided a mathematical theory which attempts 
to predict sensory decisions and their asso- 
ciated latencies. ‘The underlying density 
function is assumed to be Poisson, although 
that is not a critical requirement of the ap- 
These authors compared several 


lels for each of a number of de- 
f experimental 


response criterion 
large block of trials. 
an alternative mode 


proach. 
possible mod 
cision rules against a variety 0 
situations. In general, the experimental 
ons considered impose requirements 


conditi 
the conventional 


which are different from 
RT situation, for example, the requirement 
for a discrete secondary stimulus which acts 
as a marker to indicate termination of the 
primary stimulus. 


METHOD 

de to find and evaluate all 
studies published in English which used RT as a 
dependent measure. few unusually important 
papers in French and German were also included. 
The restrictions then imposed on the papers before 
they could be accepted for f the 


following: 


An attempt was ma 


urther use were 
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1. Viewing was restricted to central vision. 
Studies which did not specify either monocular or 
binocular viewing were assumed to have been 
Ev spatial position of the signal had to be 
constant and known by the subject. 

3. The time of arrival of the signal had to be 
known by the subject within close tolerance. 
Studies using both random and nonrandom fore- 
periods were accepted if it could be assumed for 
the former that the subjects were well practiced. 

4. There could be only one possible signal and 
one possible response. 


5. The report had to provide either the actual 
values of luminanci 


€, duration, visual angle, and 
background luminance, or information with which 
those values could be derived, 

6. The procedures and experimental design had 
to provide unconfounded data. 

On this basis, a total of 14 stu 
as providing usable data. 
verted to common units o 
stimulus Parameters and of RT, namely, luminance 
in millilamberts, size or "area" of stimulus in de- 
Erees of visual angle, and stimulus duration and 


in seconds. All data are reported in those 
units, 


dies were accepted 
Those data were con- 
f measurement of the 


Rzsurrs AND Discussiox 


The first Step was to plot the data of all 
Studies together as a function of stimulus 
luminance in the hope that the effects of 
other independent variables would be ap- 
Parent. On this basis, it seemed that lumi- 
nance, duration, and area interacted in a 
very complex way, and that the variable of 
greatest effect was probably luminance, A 
second step was to manipulate the dependent 


variable in the hope of Separating phenomena 
which might be compon 
In particular, 


and to compare RT with 


depend on t, or if 
holds for latencies mea 


mination of the stimulus (G 
then a comparison of these 


RT=# Jf 


However, they yielded the s 
cept at relatively 
luminances where 


ame trends ex- 
long durations and large 
RT was essentially con- 
stant and, therefore, where RT -¢ dropped 
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rapidly toward very small values. T EH 
gested only that RT does decrease wi 
creasing f. : 

Another dependent measure which hs 
considered was the fraction, ‘/RT, Tn 
represents the proportion of the tota ma 
in which the stimulus was present. Ex 
quantity, 1 — £/RT, then, miM id 
proportion of the total RT during witch i 
stimulus is absent. Use of these M 
tended to organize the data very pm 
ally, but ultimately it was decided that ec 
provided no more information than E 
available in the conventional RT measure. 
"Therefore, they were not pursued ea. 
The data reported are all in terms of 
conventional measure. 


Effects of Arca 


Figure 1 compares the effects of atin 
different, but comparable, values of don 
as a function of luminance. The "- 
sized data of Grossberg (1968) cover he 
lower luminance range; the data of Leur 
other studies using larger stimuli HE 
higher luminances, Tn both cases, RT is 3 
decreasing function of luminance. It may 
also be seen that duration js generally an 
effective variable, and that the larger areas 
Were associated with shorter RTs. an 

Although Figure 1 suggests that RT is wi 
versely related to size of stimulus, not y^ 
data are shown to suggest the nature of "e 
area function. This is characteristic of p 
foveal data which we were using. That a 
with the exception of a single data point ie 
Poffenberger (1912), who used one degr i 
all of the studies used employed ME 
Which were well within foveal ud 
5 degrees of arc or less, or which ey je 
foveal dimensions within the range of SIE 
+0 degrees of arc. Not enough buses s 
within these limits was available for deve e 
ing an area trend. For that reason, ang 
the analysis to follow distinguish only be- 
tween foveal-sized (< 1.0 degree) and pose 
foveal-sized (> 1,0 degree) stimuli. h of 
is, the data are treated within pee on 
those categories as if area has no o 
RT. We conclude that there is p wA 
between categories, but that not enous 
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TES > uration ep vers 
rmination , and Onset versus 


TI P 

= p iis used varied from reported 

ually excee ES to durations which nomi- 

to view th rea RT. An attempt was made 

Plicated e luminance function in an uncom- 
way by grouping the durations used 


into 
fo class i : 
Within ; s intervals and treating all data 
an interval as the same in duration. 
2 using the 


n exa 5 
iee Do» shown in Figure 
Provides a 2-.010 second. "The figure also 
Onset with Pu eus of the use of stimulus 
data of aor as the signal for the 
comparison pe (1969). Regarding that 
associated are onset is shown to be 
not a consi 1a faster response. This was 
the other Ro result, however, even for 
n any ser de of Sticht, not shown here. 
Us e rnieten data are easily 
Sts t ; he onset data, which stig- 
sents a = there is a mam p 
ect of a minor variable. As a 


t 


ir 


1 2 
LUMINANCE (mL) 


Effects of signal luminance, duration, a 
Lines were drawn by eye.) 


005 sec. 
01, 05, 10 


nd size on RT. 


a reported be- 


however, the dat 
hich stimulus 


for the case in w. 
onset was used as the signal. 

As in the previous figures, Figure 2 shows 
that extrafoveal target sizes produced shorter 
RTs. There is an indication again that 
short durations tend to be associated with 
longer RTs. As before, RT tends to de- 
crease. with luminance. This is certainly 
the case within studies. Between studies, 
duration and size appear to interact. A 
variety of other plots using different dura- 
tion intervals provided essentially the same 
trends except, as noted, they were incon- 
sistent about the effects of onset and termina- 


tion. 

Although plots of 
ure 2 were informativ 
to be too confounded by 
and not really clear about the 
tion. All of the data, therefo 
as a function of duration wit 


the parameter. This was € 
according to the following conditions : 


size monocular, foveal size binocular, 


precaution, 
low are only 


the type shown in Fig- 
e, they were considered 
ihe effects of area 
effects of dura- 
re, were plotted 
h luminance as 
lone separately 
foveal 
and 
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extra " A 4 
impp 3: binocular. The results are 
No ical apis 3, 4, and 5, respectively. 
foveal size vas shige using signals of extra 
ee re available. 

cates that eem t F igures 3, 4, and 5 indi- 
creasing iol a negatively accelerated de- 
that RT de ion of stimulus duration, and 
Etom Figu STERE as luminance increases. 
that the fa 1 and 2 it was already seen 
celerated pa^ es function is negatively ac- 
that the. sepa decreasing. It is also apparent 
figures e i of the data into the three 
Sus rer ie to size and monocular ver- 
Siderable g. ar viewing resulted in à COn- 

Since 


the q ain in ordering of the data. 
ted 


ata 

as time ^s Sa stematically when plot 

eter, it wa chaie with luminance as a param- 

Pression m decided to attempt a formal ex- 
or the data in that form. 


A Jl 
Yen t] 
he E 
Plotted on : data of Figures 3 and 4 were 
Proximately ne graph, it was found for ap- 
Y comparable  luminances and 


Sizes that 
at the 
impe c de s 
oe any iic na ones. This 
cela RT ole E expectation. The 
she n to the binceular RT. longer than oF 
Sù er, Nothing pal RT; it should not be 
"USSests tha ig in the published reports 
Should be at one or the other data sets 
“sion tha considered less reliable. The de- 
ably Boy the monocular data were prob- 
2 [edad was made on the basis of 
ures See of inversions within the two 
the time i on the greater comparability of 
© those 2. luminance trends of Figure 
ular br igure 5, which represents binoc- 
ences Bent or the larger areas. The differ- 
data are sen the monocular and binocular 
Context, reconsidered below in 2 different 
Ins ; 

nea of Figure 4 at the two 
menu suggests that perhaps two 
Short amens be required, one for very 
Although pa and one for longer ones. 
Within He Hp possibility is not consistent 
treat the noi Zo E attempt was made to 
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constant, d, depends 
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and the constant, 
asymptotic value of 
e seen in the figures 
The first steps. 


In this expression the 
the value of durati 
proaches infinity (tx), 
b, is a function of the 
RT. The latter can b 


as depending on luminance. 
therefore, were to estimate both kinds of 


asymptotes for the data of Figure 4. This 
was done visually except for ta for the low- 
est luminance where t» Was determined from 
tp = —a/b.- The constant, d, for that lumi- 


ermined iteratively. 
t that the lumi- 


on 


nance was det 

Obtaining b required firs 
nance function be developed. Asymptotic 
values were estimated for each curve of Fig- 
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totic values were then 
f luminance in yarious 
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Sizes than f y for more curves at the smaller 
hand, the dim the large ones. On the other 
Senuine P sodes e in functions could be a 
extrafoveal erence between within-foveal and 
ing pe oe Sue In apply- 
" Mas déedt o Figure 5, no fitting con- 
n d "es 3 

a eee shown in Figure 5 provide 
reported | eS ee of the data 
tions, RT >t> oe E puse 

. he failure 
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entra fovea Sut 


foveal-sue 


LUMINANCE (mL) 


LOG, 


Log-log plot of i, versus luminance for 


binocular viewing. 


to describe the data of Costello (1964) is to 
since there is no way to esti- 
abscissa except that it 
in the RTs reported 

The microsecond 
accounted for by 


be expected, 
mate a value for the 
should be no greater the 
and, undoubtedly, less. 
duration data were also not 
Equation 2. 
‘Attempts to fit ot 
and 5 were 


her functions to the data 
less successful than 
As noted, the data of Figure 3 
ig were not sufficiently 
the fitting of a single 
tency lay not so much 


of Figures 4 
Equation 2. 
for monocular viewit 
consistent to allow for 
function. The inconsis| 
in the shape of the duration functions shown 
in the figure, but in the function to be used 
to predict the asymptotic RT, that is, y 
ihe luminance trend obtained did not make 
when compared to the relationships 


sense 
two figures. 


found for the other 
Energy Relationships 


If RT is a constant valu 
rgy, then Bloch’s 


e for a constant 
Law holds for 
If so, at least within the 
on of the law, RT may be 
viewed as largely, if not entirely, dependent 
on the same retinal process as that on which 
sensitivity depends. Tf the law does 
Figures 4 and 5 suggest critical dura- 

On the 


depend on luminance. 
aot behave as 8 


Bloch’s Law, 
importance © 
are ap- 


stimulus ene 
the visual RT. 


limits of applicati 


visual 
apply, 
tions which 
other hand, if RT does 1 
visual threshold by following 
questions about the relative 
peripheral and central processes 


propriate. 
In the visual lite 


tested by plotting the 


rature, Bloch’s Law is 
product of luminance 


ee, 
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and duration at threshold as a function of 
duration. The constant dependent measure 
in that case is the threshold which is de- 
fined independently of both luminance and 
duration. A comparable procedure cannot 
be employed in evaluating the law for RI, 
since the dependent measure, RT, includes 
duration as a component value, That is, for 
this purpose the independent and the de- 
pendent variables are completely confounded 
so that the duration quantity would appear 
on the abscissa, in the product on the ordi- 
nate, and in the referent constant RT, 
To circumvent the problem, RT investiga- 
tors have attempted to make use of the find- 
ing that the critical duratio 
i threshold varies 
with other parameters of the visual stimulus, 
Since the critical duration of the RT curve 
varies with luminance, as shown in Figures 

» 4, and 5, investigators have used that 


Phenomenon to support the applicability of 
Bloch’s Law, This of course 


Sequitur, The test may be í 
simply by Plotting RT as a i 
Product of luminance and duration 


i and ob- 
Serving whether or not R] 


T isa constant 
abscissa values of the graph. 
This has been done in Figure 8 using all of 
the data of Figures 3, 4, and 5 except those 
reported with PO ID. R as clear that 
Bloch's Law does not hold. The same con- 
clusion wag reached by Grossberg (1968). 
Whose data are included, Figure 8, which 
Shows that the conclusion is Seneral, also 
indicates that as 7; increases, RT decreases 
ina negatively accelerated manner, 

here is also Some suggestion in Figure 8 
that at longer RT values there may be a 
family of curves whose 
with luminance, 
another family o r i 
pend on area. 
eye, are intende 
RT for the bi 
data. A comparison of tho 
gests that the monocul 
fact, longer 
smooth curve for the binocular 
then, defines an envelope within 
RTs are likely to fall when Jf i 
dependent variable, 


The 
condition, 
which all 
s the in. 
The monocy ar curve 
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may be interpreted similarly. a. 
may be used to estimate the shortest R 1 
be expected at any It regardless of oth 
stimulus or viewing conditions. P 
Whereas the product of duration and lun E 
nance represents the energy per ee 
the product of luminance, duration, uid 
represents the total energy, A plot o E 
versus Ltd was so similar to that of . be 
ure 8 that it is not shown. Of rote 
interest in that plot, as well as in Figure i 
was that the RTs obtained at microsecon 
durations were much more in line oath 
remaining data than they are in Figure 5. 


Definition of the Stimulus 

So far we have presented an analysis E 
RT based on a definition of the stimulus d 
an energy applied for a period of time, ke 
of the response as an event which Me 
when a necessary amount of energy has E 
applied. RT is defined as the latency K: 
the response measured from the onset 0 
the stimulus, A critical underlying assumi 
tion appears to be that when the externa 
stimulus energy is removed, stimulation stops 
al lag observed before 
€ is due to lags in the 
ar Systems, With thas 
is clear that a reasonably 
quantitative literature has. i 
veloped, and that it can be organized with 
limits mathematical relation- 
ships, : t 

On the other hand, the assumption ma 
stimulation ends as defined by its externally 
controlled duration is unacceptable. A E 
tinction between the distal and prepa 
stimulus Seems particularly pertinent d 
aS well as in studies of visual detection, b y 
Cause it is apparent in Figure 8 that E 
second stimulus durations produce wee 
which are Teasonably located within. a 
range of effect of other stimulus ae 
To achieve Such results requires a De 
tence of the visual input after the pet ee 
energy is removed. Under ordinary Sa 
lating Conditions, this persistence mee, 
for at least -25 second (Mackworth, c ich 
Sperling, 1960), and under conditions w A 
Produce afterimages, it might last for $ 
eral seconds, 


into simple 


i informa- |J 
During this period, inform p 


LLL ——— 


VisuaL REACTION TIME 


50 
o 
u 
-45 
g 
di. 
o 
o 
40 D 
e 


35 


xoo 


REACTION TIME (Sec.) 
[^] 
o 


Dj 
a 


.20 


2 1 
Fic. 8. RT as 


(Tei can be extracted by the individual 
s teichner & Wagner, 1964). 
Re x 
*esponse Criterion Model 

Figure s 
fions Cá Pimat the fundamental rela- 
‘onships which the theories of Grice (1968) 
a i i : 
and McGill (1963) appear to have assumed 


in common. We 
5 shall not b 
: RM ORO e coi 
with the distribution functions E pa 
E o 105€ 


tion 


o ! 2 
LOG Lt(mL- Sec.) 
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LOG LUMINANCE 
BINOCULAR 
(GROSSBERG, 1968) 

200 VAS 
O*3.2095 .7918 
@-2227 A+T2217 
O-Z6198 A-9618 

(RAAB,FEHRER, 8 HERSHENSON, 1961 
Al 


ND 
RAAB A FEHRER, 1962) 
_ VA. L167" 
© «1.50893  A*2.50893 
© *050893 qu 3.50893 
@ + 1.50893 
(VAUGHAN ,COSTA,@ GILDEN, 1966) 
VA. 915° B 4* 
X « VARIABLE LUMINANCE 
(WELLS , 1913) 


VA. * 173* 
$ 10739 
MONOCULAR 
(PEASE 1964 ) (STICHT, 1969) 
VA*33* VAs33* 
@ +1623 Q 15397 
V -7.924 @ «1.5397 
3427 y of35397 
(RAINS, 1963) (POFFENBERGER, 1912) 
V.A.*,0667* MA.*10* 
1,0515 O 020140 
M/*3.5508 


a function of log stimulus energy. 


assume that if 


models, but rather we shall 

either the input or the criterion (or both) 

is not constant from moment to moment or 
nd it 


trial, then their averages are, a 
hich we shall 


assumes that 


trial to 
is the average values with wh 
deal. On this basis, Figure 9 
the individual’s response criterion is repre- 
sented by an accumulated number of neural 
impulses so that the greater the luminance, 


a 
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CRITERION 


IMPULSES 


LARGE 
LUMINANCE 


^x 


SMALL. 
LUMINANCE 


© inmeouciece REOUCIBLE MARGIN 
MINIMUM 


TIME FROM STIMULUS ONSET 


Fic, 9, Graphica 
model without dis 
from Grice, 1968.) 


1 representation of Grice’s RT 
tribution functions, (Adapted 


and therefore the 
the sooner the crit 

The abscissa of Figure 9 re 
is an irreducible minim 
duration of pulsing Tequired to reach the 
response criterion (RC). Designating the 
reducible portion as RT'= RI minimum, 
the model states that pulsing rate (PR) and 


luminance (L) are directly related. Tt js 
evident from the model that 


RC = pg X RT' 
therefore, if 


PR 


presents RT, 
um plus the 


[5] 


ll 


kL [6] 
then 
RC =L X RIY 


and the Product of Z ang RT 
for all values OB ac, 


Equation 7 c 


[7] 


is constant 


an be evaluated er 


of Figure 10 whi 
RT XL to duration of the dist, 


with luminance as a parameter,5 
of all of the studies used 
incorporated in this figure. 


mpirically 
ch relates 
al stimulus 
The data 
for Figure 8 are 
The lines were 


8 Theoretically the ordinate of Figure 10 is (RT’ 
Be ek) <p minimum, 


drawn by eye, It is apparent uM 
ure that RT x L is not constant es atis 
fore, that the linear assumption of Equa 

6 is not adequate. 

Inspection of ligure 10 shows that E 
vertical arrangement of the lines a wa 
almost entirely to luminance. a all 
this arrangement, it may be seen mi by 
of the data are systematically ordere Pre- 
luminance, with minor exceptions. 1 size 
viously noted differences between signa aft 
and monocular versus binocular view ae 
also minor except at the shortest = p^ 
Although the large range of RT x f the 
flects good experimental coverage o that 
luminance variable, it is unfortunate here 
more comparisons are not available be d 
the luminance differences are small. a 
ever, for those few cases where the di ]ler 
ences are small, especially for those —ÀXÓ 
than the RT range, luminance is still 
major factor, Sw" 

Figure 10 also shows that the effect d 
duration of the distal stimulus was to x 
crease RT x L as duration increased. Da m 
Which could not be handled in Figure 5 ps 
be seen here to fall on single trends. in 
data of Costello (1964) ane iicorparated id 
this context, since now it is RT which d 

ines the effective stimulus duration, so ma 
even though those data are at large mane 
on the abscissa, they are meaningfully par a 
in terms of the ordinate, They may the 
scen simply to be at the asymptote of re 
duration function, All in all, the ex 
Shows that duration affected RT x ws 
tematically, though not with a large e of 
at low to moderate luminances, and pow 
not at all at higher luminances, In he 
Sense that RT x L represents the vci 
criterion, the figure shows that the respo d 
Criterion varies widely with luminance a 

to a small degree with exposure ee Me 

Figure 11 provides a plot of RT x é ae 
function of luminance, The points uer 
tained from Figure 10 as single-point "ori 
mates of the asymptotes of the d ele 
function where Such functions were availa re- 
Where only one point was available to pot 
Sent a given luminance or size, es Les 
ver used as if it were tha ee capped ees 

here two Points were available, a 


» 


VisuaL REACTION TIME 


A e 
MONOCULAR A BINOCULAR O 
A = Pease, 1964 (foveal) D = Costello, 1964 (extra-foveal) 
50 B = Rains, I963(foveal) E = Grossberg, 1968 (foveal) 
C = Sticht, 1969 (foveal) F = Raob,Fehrer, Hershenson, 1961 
8 ss BP Poffenberger, 1912 Cextra- foveal) 
(foveal, Log L=0.201) G = Raab, Fehrer, 1962 (extra- foveal) 
8 535 H= Wells,1913 (extra-foveal) 
J = Vaughan, Costa, Gilden, 1966 
40 (extra- foveal) 
gs 
B 40 
30 LOGL 343 
5 354 $ 
ELS = AG 
X D 
321 EINEN UNE eei D 
8 so 234 Se ESSE A D 
2.8 a aa renEE rca D 
?0 25 pm = NU E MEER ric) D 
o si G 
D 


LOG,o RT-L (Sec- mL) 
o 


o 
o 


t = 3 20 
5.0 3 
d LOG, t (Sec) 


stimulus dura- 


at log t= 50, 
stimulus of 


L) as a function of log 
For all pairs of points 


angle, the lower for a us of 
aye low log 2.0 millilamberts are 


à Fic, 10. Response criterion expressed as log (RT X 
tion and log luminance. (Smooth lines drawn by eye. 
the upper points are based on a stimulus of 1.5-degree visual 
4.0 degree: the single points at this duration for luminances be 
based on the 4.0-degree stimulus.) 
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we 


m 


T), mL-sec. 
Loc, (LxR 


o 


=j 


NI 


1 2 3 4 5 6 7 
106,5 LUMINANCE (mL) 


Log (RT XL) asa function of log luminance, 


dif- 
he 
Sure shows that resulting RT will be dependent am is, 4 
log 1$ Proportional to log luminance, rence between the functions. increas” ; 
The antilogarithm of the equation for the luminance increases, pulsing e At the 
ine shown ig and this wil] operate to reduce s the H 
n Same time as luminance increa PE 
RT XZ = sozia, [8] Seed criterion wil] increase, and this 
Which indicates again that RT x r i 
most entirely deter, 


1 
con 

^ to be e 
is al- Operate to lengthen RT. For RT ising 4 
I mined by luminance, Di- shorter as luminance Increases, pt 

viding by L in Equation 7 


; jon. 

must increase faster than the criter 
zeneral 

RT = 3022-04, [9] £ , 


[10 
and 


hus, for 


$ A Ba gn 
tion, "quation 9 Provides a RC aL 
ace function for 


ation 2 if f 
gnored, 
9 also 


[i 


mmn 
which yields 

‘actors other 5 [i 2] 
EID! ecm € = ajk, 

Provide ą basis ich is pr” 

the constant and exponent for which is 

han those vided by Equation 9.4 

n8 indicates that "y 

ELS t should be n 

1€ response criterion Increases as a Dower i5. i T t 1 ion 9 and J 

the esp! f luninines If pulsing rate Fis Which differ by 9 will Provide p tation havé | 

function o un a E Will allow the log-log Plot of Equation 8 to 

also a power function of luminance, then the à slope of 96. 

a 


expressed above. Equatio; 


VisuaLt REACTION TIME 


If th i 

/ € criterion ev is 

D ew event is to be expressed 
pressed i 

if in oe of change in energy or, 
£ Physiological terms, as a change 


respons: 
of a yee ee or to the termination 
difference, hes ht. Even if there were a 
would not indi cumulated pulse concept 
made to sti icate how a response could be 
ulation of mulus termination without post- 
(es, “of” Moe: hypothetical process 
he neurophysi E ors). We note then that 
* à criteri iological criterion event should 
rion E 
^ Process ig gst or deceleration of 
cum E 1e prese rev 
ul ji impulse model dis 3 
Within nee approach. 
Criterion E framework of the response 
plication odel, the results appear to have 
Sum of à = for the view that RT is the 
Processin peo lag, an energy or intensity 
a tentional ag, and a lag which depends on 
tors, h » cognitive, and motivational fac- 
With ras finding that the criterion varies 
Which HE gegen and with duration, both of 
Kinds or, energy factors, suggests that two 
volved Ce activities are in- 
develop ne of these must be a criterion- 
down” a activity, and one à “count- 
ity must ea Since the counting activ- 
available begin as soon as the impulses are 
time to it (after some minimal stimulus 
activity ej anes the criterion-development 
these two ould also be initiated at that time, 
in Parallel aene activities must go on 
important y urthermore, any other factors 
etion mg o the development of the cri- 
Deriod n be effective. during the same 
Dresent esi using this model and the 
Serial-parall d RT seems to depend on a 
Parallel proc System, that is, one in which 
sory la essing activities follow a sen- 
ag. 
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SUBJECTIVE CONTOURS AND APPARENT 
DEPTH* 


STANLEY COREN ° 


New School for Social Research 
absence of abrupt stimulus 


Recently such contours have 
Analysis 


The f 
The ies d appearance of contours in the 
gradients was first discovered by F. Schumann. 


bec 5 : 
Dn produced in Julesz patterns 
: dicates that both monocular and bi 
he presence of depth cues in the 


Schum: 
cal cmi N investigated the physi- 
contour. Pisis affect the perception of 
Ie perceived Es ien that for a contour to 
tively abrupt io prerequisite was some rela- 
Color, Ty i ocal change in brightness or 
however. he e course of these investigations, 
able conditi noted that under certain favor- 
Appear in eod contours could be made to 
Physical s eas of the visual field where the 
evidence | A pone was homogenous. 4$ 
shown Aou he presented the pattern 
Pattern n igure 1. In the center of this 
bounded cé observers see a white square, 
either side intermittent black and white on 
i e. Since the contours delineating 
nt in the 


JS sq 
. Square are 
luare are not actually prese 


Stimulati 

at 

Called eit these phenomena have been 
ed "subjective contours” (Osgood, 1951). 


he gubiecti 
!gure aubjestive contours in the Schumann 
Servers oho ien unstable. Not all ob- 
they ire eni contour lines, and when 
Appear. TI eni» fixated, they tend to dis- 
anced wh aeir appearance 15 generally en- 
Visual an e the configuration 15 of small 
S Daa en All of these factors led 
Ours were 5. conclude that subjective con- 

1e result of some organizational 
d by National 
27 which was 


1 This wor! 

Institutes of twa partially supporte 
awarded t ealth G ant No. 163: 
thank Le o Leon Festinger. I would like to 
of this ed Festinger for his invaluable criticism 
On this Sd m A number of people have commented 
these edie at various stages in its development ; 
charles SH Joan S. Girgus, Lloyd Kaufman, 
bers of the Puri julian Hochberg, and the mem- 
Sirigatti poe er in Visual Perception. Saulo 
Material) —— in translation of some source 

2 Requests for reprints 

Goren 66 Nest AA ees ould be sent to Stanley 
10011. » New York, New York 


using binocular disparity. 


ocular subjective contours result from 


m 


stimulus array. 


to closure, which 
of a square 
ere not physi- 


process, similar in nature 
resulted in the perception 
bounded by contours which w 


cally present. 

Schumann’s work on subjective contours 
has been extended by Kanizsa (1955) who 
created a number of configurations which 
produce much more compelling contours than 
those in Figure 1, In addition, Kanizsa was 
able to demonstrate that curvilinear as well 
raight contours could be produced. 
ative examples of patterns 
bjective contours are shown 


as st 
Some represent 
which produce st 
in Figure 2. 
When observ 
has been adapte | 
invariably report seeing CN 
the center of the ouis Jen 
n ; V 
such figure physically eS We POE 
ties of this triangle are rather WHEAT, 
In addition to being whiter than the sur- 
round, it is almost always described as a 
plane surface which appears to be in franks 
of the other elements in the pattern. The 
triangle is apparently opaque and capable of 
ructing the observer's view of the pat- 


obst 


ral white 


mann figure: A cent 
especially 


this configuration, 
] visual angle. 


The Schu: 
scen in 
figure is of smal 


Fie. 1. 
square is 
when the 
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sia subiective 
i shows rvilinear subjectiv 
tern elements behind it. Figure 2B shows Figure 2C shows that dace. PD B 
a variant in which a subjectively produced contours are also qum 24 g Tt ie cet 
: i zhi ive form of Figure 2A. t 1 
"hi rs in the center, while the negative i E. 
BE pu í that with the brightness of the "€ i 

: s jective tric 
background reversed, the subjective € 

is still seen; only here note that it appe: 


«ground. 
blacker than the black of eee. dui 
n Z The intriguing aspect of these figures "d 
large stretches of the perceived cantori an 
[i V mil not physically present, but rather are c 


imulus 

out of homogeneous portions of the stimulu 

field by the perceptual system. D 

A Virtually all observers see the subjec wh 

contours in these configurations, ms 

edge of the fact that there is no dm mot 

Physically present in Figure 2A does ept, 

seem to lessen the strength of the percen 

and the contour remains visible even b 1 

careful fixation. Ag jn the case of des 
figures of small visual angle tend to proc 

| an enhanced effect. - pas 

The Phenomenon of apparent contour seh 

never been convincingly explained. e. 

B (1955) reiterates a Gestalt position and m 

fers to subjective contours as eder. 

Strong examples of closure or figure-grou to 

organization, His position is close d 

Schumann's, This same theoretical stan 

Was also taken by Rubin (1921). 


7 i. ; t id ur 
Binocular Disparity and Subjective Conto 


M 
Julesz (1964) presented a stimulus anad 
which Produced a very compelling i) 
tive contour in the absence of an -— 
change in brightness. Using computer e 
trices of randomly Senerated dots, he crea th 
a sensory environment devoid of all s A 
and familiarity cues except retinal wan 
Stereoscopic Presentation of identical je 
matrices results in the perception of a M 
two-dimensional display of dots on a be 
geneous background. If the dots are wd 
enough or slightly blurred, the percept 
is of a homogeneous textured field. Tf, bd 
ever, these displays are altered by er 
the location of all dots in a central Loner 
a See : one column laterally, the percept immediate’) 

“1G, 2. Subjective contour figures adapted from I i 

Kanizsa (1955) ; 


A us ts in 4 
a subjective White changes, à fi ties thë da 
triangle; B, a square; C illustrates that Cürvi- Square central are, 
linear subjective contours may ; and Shifted one colum; 
) shows a subjective contour with reversed bright. now 
ness of that jp A, i 


re 
a seen by the left eye 
1 to the right, the Me 
Teports that this central square Or. 
35 seen in depth, T, is now localized as beini 
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closer 
In ee y than the background. 
ver notes that this pth effect, the obser- 
subjective contours ida is bounds 
ized between the rov don pera dia n 
As White (1962) vs and columns of dots. 
tours are ee ee ee these con- 
not require the istal n ü is e ando 
associated with the * E ruere 
Closing either ey P reception of contours. 
loss of the im dia results in an immediate 
appearance Sis went of depth and a dis- 

tn t € ot the contour. 
E. teat rr conditions, these contours 
from Wee ae and are indistinguishable 
ients. Shi produre by sharp stimulus grad- 
in blurred 5 ey (1965) has shown that even 
sharp sul or out-of-focus configurations, the 
the perc bjective contour still accompanies 
dee! uana of the central form in depth. 
inde on and Gulick (1967) extended the 
doc of subjective contours seen in these 
in whick They presented stimulus arrays 
jttive e. the disparity cue produced sub- 
ANM pm bounding large homogeneous 
the e the field. They have shown that 
play Ye tant feature of the stimulus dis- 
Some c not simply retinal disparity, for in 
which Im they were able to produce arrays 
of dot esulted in the perception of a group 
conto a seen in depth, not bounded by any 
at but rather form disparity. Form 
Biers. Y is defined here as that pair of dis- 
orm Views that would result if an opaque 
field _ WERE physically present in the visual 
of died were differentially obstructing parts 
background matrix which were seen 
i It two eyes. A striking example of this 
and [ow in the work of Kaufman (1964) 
Yr Kaufman and Pitblado (1965). who 
Re to show that even when the ele- 
di Ter presented to the two eyes were quite 
age! in nature (i.e., were rows and col- 
Parity of different letters), the effect of dis- 
depth He the perception of a target in 
tours. pcd by subjectively” seen con- 
that in nae and Gulick (1967) observed 
depth they, absence of the perception of 
ee ey found no subjective contours. 

to nada eee which immediately springs 
Visible i is whether the subjective contours 
Operation these stereograms are due to the 
n of the same general mechanism as 
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are the monocularly visible contours in Fig- 
ure 2. One hint that such might be the case 
comes from the phenomenal reports by ob- 
servers when looking at these monocular 
stimuli. The subjective contours in Fig- 
ure 2 almost always are seen as bounding an 
opaque figure which is in front of the other 
pattern elements. This perception of rela- 
tive depth is quite strong, as may be anec- 
dotally illustrated by the fact that one ob- 
server, while viewing a pattern similar to 
Figure 2A, accused the experimenter of 
cutting a triangle out of a piece of white 
different than the background, and 
to the stimulus card. If the 
t of the stimulus display is 
the displacement of one part of the array in 
depth, then one ought to be able to demon- 
strate the ability of other depth cues to pro- 
duce the perception of subjective contours. 


Shading and Subjective Contours 
One such depth cue which has long been 


known to produce subjective planes varying 
in apparent distance from the background is 
the cue of shading (Brunswik, 1935). Fig- 
ure 3 shows a stimulus configuration which 
utilizes this cue. In this figure the word 


FEET is clearly seen in white letters which 
stand out from the background. It is diffi- 
cult to believe, when looking at this figure, 


that about 50% of each letter is not present 
in the stimulation. Most observers report 


the perception of white letters, whiter than 
the background, with the contours defining 
the letters faintly visible. These contours 
are subjective contours in the same way that 
the contours in Figure 2 were. The boun- 
daries defining the edge between the white of 
the raised plane of the letters and the white 
of the background are subjectively created 
from homogeneous stretches of the stimula- 
That this phenomenon is due to the 


7 2 fi 


paper, 
pasting it on 
important aspec 


tion. 


Fm. 3. S 


eee 


ubjective contours prod 
by shading cues. 
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presence of the depth cues and not simply to 

the presence of these particular lines in the 

field is shown in Figure 4, : 
Figure 4A shows a letter H created in the 


Eu 4 A subjectively con 
produced by shading cues CA). ^4 
lines, arranged to produce inconsi 
duce an unstable 


toured letter H 


1e same shading 


stent cues, pro. 
subjective contour (B), 
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Same manner as the letters in Piguet 
Here the shading provides a pem 
depth cue sufficient to create an ES. «a 
plane displaced forward in gra Pe p 
contours which bound it are visib oe 
ure 4B contains the same lines ue kA 
4A, except that they have been — 
so that the shading cues are inconsis em 
Thus, a variety of “impossible figure ant 
locally consistent and globally popu 
depth has been created, such as p^ 5 eh 
explored by Hochberg ( 1968). N pe» 
Servers report that Figure 4B is much : aud 
to see as separate from the bastgroune , - 
the subjective contours are never wg e 
or stable. They tend to spontaneously ari 
pear and disappear. As one observei m 
it, the subjective contours of org 
lack the “reality” of the contours of Fig 
ure 4A, m. 

The perceptual creation of cine 
sional planes out of a two-dimensional ar he 
of elements is not a new phenomenon. Ww 
berg and Brooks (1960) have shown a p 
when a complex two-dimensional ee 
Presented to observers, they very frequen A 
“simplify it" by coding it as a three-dimer à 
sional figure, Thus the Petes, nul 
trical jumble of two-dimensional lines E 
Figure 4A is more compactly coded ub 
single three-dimensional letter H. The maii 
difference between these figures and He 
Kopferman cube figures used by Hochberg 
and Brooks is that in these configurations 
the subject not only renders the percept into 
one of tridimensionality, but supplies the 


ae : " 
Missing edges to make the stimulus appa 
ently complete, 


Interposition 
tour 


Now return to the stimuli presented 3 
Figure 2, Since it has already been shen 
that a Monocular depth cue, namely shading: 
can act in the same fashion that the binocular 
disparity cue does to form planes and oe 
tours out of homogeneous stimulus id 
a new way of looking at these subjective ce 
tour configurations has emerged. Givet 
the fact that the triangle in Figure 2A 18 
clearly Seen in front of the other B 
let us look for the relevant depth cues which 


as a Cue for Subjective Con- 


SUBJECTIVE CONTOURS 


tne displacement and the correspond- 
depth eps tie subjective edges. The 
observer's mee quite: apparere when the 
called. It e NÉ died d of the heure are re- 
in front of E as described asa white triangle 
with its 2 emis black outline triangle, 
Squares. oe resting on three black 
pattern is Palla cue involved in this 
If there Ve vs vas probably Inberposition: 
lying a ne a opaque white triangle over- 
black ares ; ontline triangle and three 
Bus Xie y we same retinal pattern would 
ence of on escept, of course, for the exist- 
color SEL and apparent brightness or 
server e in the field. Thus the ob- 
depth sae es he surface indicated by the 
created bn ur. edges it with subjectively 
cues can Mer to bound it. Interposition 
terns in m Be orma in the remaining pat- 
8S a Whit ipune 2. Figure 2B is easily seen 
the fers rectangle interposed in front of 
ners BE Spn of two black lines, its cor- 
ure Te n four black circles nd Fig- 
the TAA as a white circle resting on 
Figure re of two heavier. black bars. 
cues id. provides the same interposition 
that the i found in Figure 2A, except 
the inte; rightnesses are reversed, such that 
ure i = eine cues indicate that the fig- 
h must be present is a black triangle. 
ie QUSESCUE demonstration of the 
tions is £n depth cues in these configura- 
variant E A ena in Figure 5. "1 his figure is a 
apparent Figure 2A where a circle on the 
backgro triangle and one beside it on the 
ife rem have been placed. Now if a 
arises ph 1s present, then a situation 
Same e here two stimuli both subtend the 
patere a angle, but one is seen as ap- 
Cue is 4 closer than the other. Tf the depth 
of fe rong enough to evoke the operation 
the ihe scaling mechanism, then 
triangle) Es the apparently closer plane (the 
Circle on "wm be seen as smaller than the 
(the back 1e apparently more distant plane 
Was wu te D A copy of this figure 
ject Pisae xs 12 subjects. Each sub- 
Circles ap os. y to judge which of the two 
technique p larger, using a forced-choice 
'€ circle on Ps of the 12 reported that 
subjective triangle appeared 


Smaller 
er than the one outside it (p < 01, sign 
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O 


O 
V 


Both circles subtend the same visual 


Fic. 5. 
angle; however, the apparent depth 
produces an apparent size difference. 


difference 


test). These results seem to indicate not 
only the presence of the interposition cue in 
these configurations, but the fact that they 
are relatively strong. It should be clear 
that this demonstration is lacking in a con- 
trol group, since the effect might also be due 
to configurational properties. Simply add- 
ing a real contour does not suffice as a con- 
since then both the interposition cues 
for depth and configurational properties 
would still be present. Removing the inter- 
position cues on the other hand, drastically 
changes the configuration. Suffice it to say 
that accompanied with the reported depth 
difference between the subjectively seen con- 
tour and the background, these results are 
clearly in accord with the hypothesis that 
depth cues are present in configurations 
which produce subjective contours. 

Figure 6 is an example of how the explicit 
use of the interposition cue can result in the 
perception of subjective contours. This fig- 
ure has been adopted from one presented by 
Matthaei (1929). When shown this figure, 
the immediate response of most observers is 
that they are seeing a word which is partially 
blocked by a white strip which has been 
overlayed. Tn fact the principle guiding 
the construction of this figure was to simply 
portions of the display which 
seen if such an opaque strip 


trol, 


remove those 
would not be 
were physically present. 
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Fic. 6. 


Texture and Perspective 


or planes 


3 most any monocular 
depth cue could be utilized to produce the 


perception of subjective contours. The only 


Fie, 7. A subjecti 


ve contour produced by texture 
and Perspective 


cues (after Gibson 1950). 


A subjective contour 
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produced by interposition cues. 


prerequisite is that cues be strong cánh 
so that the configuration is seen as tridime i 
sional rather than as bidimensional. This 
has been done for a number of these E 
and Figure 7 presents a combination of tex s 
ure and perspective cues which demonstrates 
the effect very clearly. This ed cepe Oe 
patterned after the stimuli presented by Gib- 
son (1950). The general impression pro- 
duced by this figure is that of two planes 
differing in relative depth. The plane in the 
upper part of the figure is perceived as m 
distant than the plane in the lower half © 
the figure. There is apparently a sharp p 
or a cliff separating these two planes. oo 
contour delineating the edge of the cliff i 
clearly seen. Tt is visible as a sort of whitish 
line. This light line is, of course, not ee 
ent in the physical stimulation, As in js 
Previous stimuli, it bounds the edge betwee 

two planes seen at different depths. 


Closure as an Explanatory Mechanism 


At the outset it was noted that the o 
frequently offered explanation for rp 
contours is that they are an example of HT 
Gestalt principle of closure (Kanizsa, 19: 14 
Lawson & Gulick, 1967; Pastore, 197 fe 
Rubin, 1921 ; Schumann, 1904). It is p 
esting to compare these effects which Ri 
being ascribed to the effects of depth me 
with the perceptual effect generally ar 
closure. Figure 8A is a configuration del 
utilizes interposition cues to produce í?* 
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Dehinc T Ese three black circles. The 
angle is ri — impression is that this tri- 
other parum t of the background and the 
by contours xu e and that it is bounded 
BECIE p^ uich are faintly visible to the 
which s as eure 8B is a typical figure 
Closure oe with the phenomena of 
completed a figure is easily perceptually 
as eim recognized by the observer 
from this” e " The percept which results 
Pun Bick Res wpowe is quite different 
font ". Tom - . The figure does not lie in 
ds Deine e plane and the figure is still seen 
fente 4 ME ones Most importantly, this 
which E ounded by subjective contours 
It is ang : oe it off from the background. 
lus in : re that by degrading the stim- 
Rites ie uch a way that the relative depth 
alone js not readily available then closure 
tion of — to produce the percep- 
aito niea jective contours. Figure 8B is 
Delon tae ae in that it clarifies a major 
OP i um perception of the subjective 
bate t iscussions with Julian Hochberg 
de e, n that a depth cue be defined 
Ne dead bial gai of a configuration which can 
E Conpiatent with a even spatial 
t bein bene of objects at different relative 
ns mo To the extent, then, that there is 
relative. à perception of objects differing in 
depth c "x in Figure 8B, there are no 
the defe in this pattern. However, since 
m Minim of a depth cue includes any 
fiue eb ational change which may result 
then be dn in depth relative to each other, 
ure 8B. are potential depth cues in Fig- 
lack " Any time there isa discontinuous 
tinuit bles on a white ground, the discon- 
Brie E: be caused by an interposed white 
vm hus if one looks at Figure 8p and 
triangle, à it is a complete black -— 
a White e can k I I 
his cs inter posed m ront O à 
White cloud may either be an amorphous 
verted crx or, more spectacularly, an in- 
inverted on on triangle. Such an 
hough ee, en not generally seen, al- 
Server may | a to its presence an ob- 
his le pe to make out its form. 
Potential ias eS tbat the mere presence o 
depth cues in an array is not suf- 
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ficient to evoke the perception of a subjec- 
tive contour: The reason for its appearance 
in some situations and not in others is sug- 


C 


Fic. 8. A subjective contour produ 


position (Aj. A typical. closure i 
which produces no subjective contour. (B). Al- 


though corner elements are still present, this 
configuration generally yields no subjective CON- 


tours (C)- 


ced by inter- 
configuration 
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gested from the work of Kopfermann pii 
and Hochberg and Brooks (1960), who 
showed that complex two-dimensional line 
figures were seen as tridimensional if such a 
percept resulted in a simpler overall orga- 
nization. Thus Figure 8A is simplified from 
a meaningless pattern of irregular forms into 
an arrangement in depth of four simple 
symmetrical forms. Figure 8B can be sim- 
plified into a triangular organization without 
the necessity of rendering the percept into 
depth. Hochberg (1970) has shown sev- 
eral convincing demonstrations of the effect 
of expectation on perceptual organization 
based on the utilization of local and global 
depth cues. Thus in Figure 8B, once the 
observer is alerted to the presence of the 
depth cues and the possibility of an object 
in depth, the perceptual organization may 
change in such a manner as to allow for the 
perception of the subjective contours, Fig- 
ure 8C is another form of the same fi 
and makes a similar point. 

elements are still present ar 
the black masses associated 
If subjects are shown this 
ally describe three black 

(more or less meaningful according to their 
personal styles). The spontaneous report 
of a white triangle which is invariably ob- 
tained in Figure SA is missing. By reducing 
the regularity of the forms at the corners of 
the subjective figure, the likelihood that the 
configuration will be perceptually simplified 
by assuming a white triangle interposed in 
front of the background has been reduced. 
It is interesting to note that when the white 
triangle is pointed out in Figure 8C, 
Observers report that it is 
are the subjective contour 


gure 
Here the corner 
id we also have 
with Figure 8A, 
figure, they usu- 
nonsense figures 


many 
faintly visible, as 
s bounding it. 


Conclusions 


These demonstration 
then by indicating th 
which have been presented that contain sub- 
jective contours are seen as associated with 
apparent surfaces or planes that are in 
depth relative to the remainder of the array. 
These planes are perceptually created on the 
depth cues present in the stimulus. Since 


$ may be summarized 
at all of the figures 
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every plane must have an edge, the bent 
ing contour is supplied by the Lar) 

system. This contour thus segregates the 
homogeneous stimulation into discrete Ee 
one comprising the plane in depth and on 

other, the background stimulation. us 
edges of the plane are subjective pee 
since there is no discontinuity in physica 
stimulation at the locus where they are seen 
in space. In this way a chaotic colana 
of complex two-dimensional elements P 
been simplified into a simple and easily 
coded three-dimensional array of means 
ful or symmetrical elements. Thus, a - 

jective contour is simply the edge of a sn 7 
jective plane, and a subjective plane “a 
surface which ought to be present on ue 
basis of the available depth cues, but is n° 
except in the mind of the perceiver. 
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LETTERS TO THE EDITOR 


A POSSIBLE TEST OF HEBB’S 
HYPOTHESIS CONCERNING 
IMAGERY 


Hebb (1968) has suggested that eidetic 
imagery is a function of first-order cell 
assemblies, which he equates with the "simple" 
cells reported by Hubel and Wiesel (1968). 
He also suggests that the more usual type of 
imagery is a function of higher order assem- 
blies. 

It has been claimed (Day, 1962) that the 
negative aftereffect to a tilted line is medi- 
ated by excitatory and i 
the visual cortex at 
Wiesel's simple cells, 
accepted, then there 
which will demonstrate 
Hebb's suggestion. 


If an eidetic imager images a tilted line, he 
should, according to Hebb, reinstate the activ- 
ity of the first-order cell assemblies (i.e, 
those involved in the perception of such con- 
tours). He should then subsequently misjudge 
the position of a test line, just as if he had 
initially Perceived the line, If this occurred, 
it would confirm Hebb’s hypothesis, If, given 
suitable controls, it does not Occur, then it 
would suggest that the locus of eidetic imagery 
is not that of first-order cell assemblies, 

If doubts existed about the suitability of the 
tilt aftereffect as a variable, any aftereffect 


nhibitory processes in 
the level of Hubel and 
If this hypothesis is 
is obtainable evidence 
the truth or falsity of 
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$ — vel of 
mediated by known analyzers at the le 
simple cells would be acceptable. 
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This 


: : ] H«INee ay's 
is an interesting possibility. Da) 
effect 


: . ‘aly simple 
was obtained with relativ ely es 
stimulus conditions, whereas the eidetic R aa 
has always been obtained with a meaningful p 


ture, but it should be possible 


è n 
to design one ! 
which 


a clearly marked sloping line is a compa 
nent, and then make the test. The meaningfulne? 
may be significant, since higher order po 
blies may be involved in maintaining the fir? 
order activity, 
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REPRESENTATION OF 


PATTERNED SEQUENCES OF SYMBOLS* 


HERBERT A 


Carnegic-Mellon 


. SIMON? 


1 University 


All of the principal alternative theories that explain behavior in tasks in- 


volving patterned sequences are variant 


s on a basic theme. They agree in 


proposing that subjects perform these tasks by inducing pattern descriptions 


from the sequences, and that these desc 


“same” and "next" between symbols, ite: 
phrase structure. 


riptions incorporate the relations of 
ration of subpatterns, and hierarchic 


As a result, measures of the relative complexity of dif- 


ferent patterns show high agreement among the theories, and it becomes 
difficult to choose among alternative encoding schemes as explanations of 


the human performance. 


In the pages of the Psychological Review 
alone, at least four apparently distinct 
theories have been proposed during the 
Past decade to explain how human subjects 
Process patterned sequences of symbols 
(Leeuwenberg, 1969; Restle, 1970; Simon 
& Kotovsky, 1963; Vitz & Todd, 1969). 
Additional theoretical proposals have ap- 
Peared in other journals and books (e.g., 
Feldman, 1959, 1961; Feldman, Tonge, & 
Kanter, 1963; Glanzer & Clark, 1962; Gregg, 
1967; Klahr & Wallace, 1970; Laughery & 
Gregg, 1962; Pivar & Finkelstein, 1964; 
Simon & Sumner, 1968; Williams, 1969). 
These theories differ radically from earlier 
explanations (in the traditions of S-R 
theory or stochastic learning theory) by 


2This work was supported in whole or in part 
by Public Health serie Research. Grant. MH- 
07722 irom the National Institute of Mental 
Health, I am grateful to William G. Chase, Lee 
Gregg, David Klahr, Kenneth Kotovsky, Allen 
Newell and Paul C. Vitz for comments on an 
Carlier draft. 


? Requests for reprints should be sent to Herbert 


- Simon, Department of Psychology: COE, 
Mellon University, Schenley Park, +1" : 
ennsylvania 15213. 
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postulating specific encodings of the se- 
quences and by predicting from the hypoth- 
esized encodings a number of character- 
istics of subjects’ behavior (e.g., loci of 
their errors, the relative difficulty of dif- 
ferent problems, judged complexity of 
patterns, and so on). 

In this paper it will be shown that these 
various theoretical proposals, so different 
in their surface appearance, derive from a 
common central core, and that it is this 
commonality that accounts for their suc- 
cess in explaining behavior. Our analysis 
requires us to pay careful attention to the 
notations in which the patterns of sequences 
are described (by subjects and by theorists) ; 
hence, the analysis may cast some light 
on the general psychological significance 
and implications of notational devices. 

Representational (or ‘information-pro- 
cessing") explanations of serial pattern 
processing generally postulate some kind of 
language or notation? for expressing or de- 

3] shall not distinguish systematically. between 
the terms "language" and "notation," but will gen- 
erally use the former to refer to the broader fea- 


tures of a representation, and the latter to refer to 
the more particular features of a representation, 
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ibing the patterns, and one or more 
ate for ddiog pattern descriptions 
from sequences, for storing descriptions, 
for reproducing sequences, and for extra- 
polating them. Not all of the theories 
incorporate all of these elements. J 

The theories have been applied to various 
kinds of sequential material, including 
binary sequences (Feldman, 1959, 1961; 
Glanzer & Clark, 1962; Restle, 1967), 
Sequences of letters and/or digits (Restle, 
1970; Simon & Kotovsky, 1963; Vitz & 
Todd, 1969), linear g 
wenberg, 1969), 
(Williams, 
(Restle, 


quences they use, but z 
the subject to do. 

remember and re 
cyclically recurring 
1967; Laughery 
1967, 1970; Vitz 


In some cases, he must 
a finite (or 
) sequence (e.g., Gregg, 
& Gregg, 196 ; Restle, 


& Todd, 1969); in others, 
he must extrapolate a partial sequence 


that is, predict its Continuation (e.g., 


Feldman, 1959; Simon & Kotovsky, 1963; 
Williams, 1969); in still others 


rank different sequences 


(e.g., Leeuwenberg, 1969: 
1969), 


; he must 
by complexity 


Vitz & Todd, 


at predates 
al Symbols, 
double alter- 


Runs of identic. 


À 3 & Burke, 1955; 200dnow 
& Pettigrew, 1955). Į limit this compari 
son, however, to contem i 


Processing AND 
NFORMATION T 


Information theory Provides one direct 
method for measuring the 
sequences, 


: complexity of 
by €quating co, 

amount of information, 
Proaches under dis 
of Vitz and Todd (1969) is þ 


formation-theoretic measure 


HERBERT A. Simon 


n z ed 
The amount of information in a gate: 
sequence, in deere amen: 1: re: 
is equal to the number of = hé the 
quired to describe the iw quas If the 
maximally efficient code is d Binary 
coding alphabet consists of ae content 
digits, 0 and 1, then the informatio imber © 
of a sequence is equal to the as it is 
such digits, or bits, in its goda y be most 
coded efficiently. What code wi equences 
efficient for representing a set ei sequences 
depends both on the collection -i , relative 
that belong to the set and on the An en- 
frequency with which they pec for a 
coding can be made more e oci short 
given set of Sequences by bp A uently- 
Codes to sequences that occur erit 
Suppose, for example, that five "ea al bi- 
have been encoded by the 12871100000; 
nary strings: 111100001111, 111 1 010101- 
110000110000, 111111111111, on the 
010101, respectively. Suppose ses occur 
first and fourth of these sequence second 
somewhat more frequently than the singly 
and third, and that the fifth is ke more 
Tare. Then we can encode iH rmn 
efficiently by making the pop ] 
tions: 1111 111, 0000 — 110, 11 
000 — 100, 11 011, 00 — 010, r^ 
and 0 — 000. With this S 
Our sequences are encoded : ar 
111101110000, 011110011110, an nd thire 
» respectively. The second 42, as 
Sequences have codes of length w have 
before, but the first and fourth exit is 
codes of only length 9, If as origt 
Measured by code length, then Hu re of the 
nal encoding, all the sequences W : encod- 
same complexity; while in the ne ler tha? 
ing, the first and fourth are we these | 
the second and third. But bel codes 
Particular four sequences all ee 
of the same or shorter length in orig 
encoding as compared with um the ift 
one, this is dramatically untrue 10101, als 
Sequence. The pattern 01010101 orded 4° 
^ Symbols in length, would be P 000001— 
a 081000001 000001000001000001: paid for 
i 6 symbols. The price " 


nces 


A ue al | 
Shortening the codes of some sed he tota 
to lengthen the codes of others. repre 
numbe 


: an be 
F of encodings that can 


— 


I 

| Sented by binary strings of length is 

pos 2", independent of the code used. 

ne pei nevertheless increase 

s age code efficiency if the fifth sequence 

s sufficiently rare. 

PO Bo nein theory does not pro- 

Bienes nen an unambiguous index of 
ce complexity, but only measures 


| complexity -relati i 
plexity -relative to some particular 


" c 
iE complexity rankings of the 
by alterin bet set can be changed at will 
the inde ng the encoding scheme on which 

ex of complexity is based. If an 


| index i de em 
of complexity is to have significance 


for psyc 

het ee then the encoding scheme 
lust have T. z . 

basis: ave some kind of psychological 


Encoding Alphabet 


N apes not obvious why, in measuring 
sisting n the binary alphabet, con- 
be empl E H of the symbols 0 and 1, should 
tl [ye ed, rather than richer alphabets 

e 10-decimal digits, for example, or the 


i Roman alphabet. 


"e 


digits supplemented by the letters of the 
- plexity by cod If we measure Com- 
code ai ir e length in symbols instead of 
icu ngt van bils, then the complexity of 
Godin v ah Em be reduced by using a larger 
ito alp tabet, each symbol of which can 
Sma 3 eral bits of information. The 
bits [^i tm digits allows more than three 
While zt e encoded per symbol (10 > P 
ene 1e Roman alphabet can encode be- 
een four and five bits per symbol 
Q* « 26 « 25), 

Maclay theory provides goo 
in ium iy code length should be measured 
fol ms of symbols rather than bits. If we 

ees the term “symbol” by chunk, 
"i b see that this observation 1$ at the 
esis, B epa (1956) chunking hypoth- 
that hy ie chunking hypothesis asserts 
in the pen short-term memory is limited 
can tae oe of symbols (or chunks) it 
infotmatio not in the number of bits of 
EPAM pdt hold. Similarly, the 
Tizer) theory a TE and memo- 
imon & Feigenl Mais : learning asserts 
of information hr um e um 
Ory sequimes @ c uman long-term mem- 
s a constant time per symbol 


d rea- 
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(or chunk), and not a constant time per 
bit. 

Of course, when measuring complexity 
by code length, we cannot admit arbi- 
trarily large coding alphabets, for these 
would allow us to reduce complexity to any 
desired level. In the limit, we could assign 
one letter of the alphabet to each sequence 
in the population to be encoded, with the 
result that each sequence would have a 
complexity of exactly one symbol. The 
solution to this dilemma, derivable from 
the EPAM theory, is to admit anything as 
encodable in a single symbol that has 
become familiar through prior learning. 
Anything recognizable by a subject as a 
“chunk,” as the result of previous training 
or experience, is assumed to be codable into 
a symbol. The available coding alphabet 
then consists of the set of such symbols. 

That the complexity of sequences must 
be measured relative to the psychological 
characteristics of the subject can be demon- 
strated in a variety of ways. Perhaps the 
most trivial is to observe that literate 
persons in a culture that uses the Roman 
alphabet will judge the sequence ABCDE 
to be simpler than the sequence A C E D B. 
Illiterate persons, and monolingual Chinese 
and Russians may judge the two sequences 
to be equally complex. Clearly, then, the 
presence or absence of a particular alpha- 
bet stored in long-term memory can have a 
major influence on judgments of complexity. 


Length and Pattern Complexity 


proposed here takes 
basic measure of se- 
It is postulated that 
most subjects in our culture will use ap- 
proximately the same coding alphabets and 
encoding procedures. The code length of 
a sequence, then, means the number of 
symbols in the encoding when the alpha- 
bets and coding procedures common to the 
culture are used. We may call this encod- 
ing the common paltern of the sequence 
and we will measure the complexity of the 
sequence by the length, in symbols, of this 


pattern. . 
From this point of view, any particular 


pattern language implies a psychological 


Code 


The theory to be 
code length as the 
quence complexity. 
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(or sociological) assertion about the alpha- 
bets and coding procedures that a subject 
will use when instructed to process — 
sequences. While subjects pattern lan- 
guage is not directly observable, 
observable consequences. If two or more 
pattern languages predict different com- 
plexity orderings of the sequences In some 
Set, then empirical Observations of the 
relative difficulty that the subject experi- 
ences with members. of the set allow, 


it has 


experiments 
stimuli, 


Now, in fact, there is 
high correlation among difi 


measures are applied to 
patterns, Si 


Which also 
oding schemes used 


The next Section discus: 
elements that arei 


anzer and Clark (1962), 
umner (1968), Leeuwenberg 
and Todd (1969), and Restle (1970), as 
/ the specific differences among these 
i papers Tepresent 
alternative Coding 
appeared in the 


SIX 


Schemes 
literatu re, 


c I ‘quences have been used, 
To simplify the treatment, Tegard all ge- 
quences as nonterminating. Thus 


assumed to repeat inde 


112-..) Ag is customary j 
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James 
j scriplive Pattern Nan 
Conventional and Descriptive Pat 


ssignated 

A sequence of symbols can : 4 hec 
by a conventional name or by he pattern O 
name. (We call the latter exi Numbers" 
the sequence.) Thus “Fibonacci ? equence: 
is the conventional name of the s ace can 
12:3:5:8:13/21 34: i. bur quede 
be named descriptively as Hie fa of the 
each of whose members is the descripti 
two preceding members," A eo es 
name for a sequence, its pattern, Popia 
the information required by an Spp iji- 
encoder to extrapolate the inei not 
definitely. A conventional mue if only 
provide this information ; deu ne to 
the conventional name is qni z have 
a decoder, the latter must alrea sationa 
stored the description (or its peli 
equivalent) if it is to be able to ex 
the sequence, inite string 

If a pattern consisting of a pus se- 
of symbols is to describe an cm one oF 
quence, then the pattern must defin rent O 
more relations between cach rer OR 
the sequence and preceding lenie umber 
between each element and its order Pattern 
in the Sequence. An example of a faniliar 
of the first kind is provided by € imbers: 
formula for the Fibonacci ? example 
PG) = FG — 1). p( — 5. An side 
of a pattern of the second kind is P quare 
by a formula for the sequence of $ 
1,4,9,16... : S(i) = 72, -a of syne 

A pattern, then, is a finite ues iw 
bols that States the rule govern inating 
indefinite cor equene 
Sequence, The symbols of the vith 
are numbered in order, beginning © weed 
Phe pattern Must express relations ariable: 
the ith symbol as the dependent aii / 
and one or more preceding symbols ria ples 
constant symbols as independent ~ g 9 
‘hus, the language must be bii the 
expressing the relations themselv = 
names of the Symbols that enter yes 
Pendent Variables, and the nan 


ent 
; ende 

the Symbols that enter as indep 
Variables, 


Consider 
Sequence: 


* " ni 
ntinuation of a nonter 


:mple 
-he simP 
» by way of example, the 


pJ 
ABCD ..., 


OO ———— OT SS ae moe om am n) 


REPRESENTATION OF PATTERNS 


aie gin to describe a sequence, the 
Sequence c: he alphabet employed in the 
Tk ig represent themselves. The 
BU an al n pasen the relation of next 
Buen e The ith symbol in the 
relations of Je represented by Si; and the 
en b sum and difference of pairs of 
these et ka ge « ] respectively. Using 
bite! al devices, a pattern for 


S0 = A; Si = a(S- 00:9) CI 


wl 

ady hs relation indicates that 7 is 
HE ot salad to infinity. Counting all 
has length ie ks as symbols, this pattern 
ore take i , which number we may there- 
of Sequene s a measure of the complexity 

ud ence 1 in this encoding. 
ponents EON in turn, each of the com- 
relations ees an encoding scheme: the 
Names syr ferta. the way in which it 
Notates oes and the way 1n which it 
ration. 


Relations 


What relat; 

the ee are available for defining 
Properti ern of a sequence depends on the 
Which the of the set of symbols, S, from 
any set ie sequence is constructed. For 
identit of symbols, S, we can define the 
Product relation (s, for "same") on the 
can de ws Sx S. Using this relation, we 
Scribe si , ass é 
Pattern; e simple patterns. Thus the 
[3] 


c AQAQAQ *'*- 
E be defined by: 
=A; S1=Q; Si-s(S(i—-2); bei a 


(Thi 
3i) Pattern can also be defined simply by: 
iA LSQHED = O70) ei 
C Vae ool set, 5, is ordered, that 1s, 
efine ae alphabet, then we can also 
X S the successor relation (n, 


or « 

next" va js 

ate ont ), and its inverse (P. for "immedi- 
» 

Tel ecessor"). Moreover, these two 


ations 

re ations Je with s, are the only 

Sets 4 Wan are common to all ordered 
! Mo ith two exceptions, discussed 


Co re preci : 
ommon toate all other relations that are 
E: lese, for A repens sets can be defined in terms 
T the defini these are the only relations required 
nition of an ordering. 
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below, they are also the only relations that 
enter into the serial pattern tasks that have 
been used in psychological experiments and 
tests. 

The relations s and 7 are central to the 
pattern language developed by Simon and 
Kotovsky (1963) and extended by Simon 
and Sumner (1968) and by Williams (1969). 
Both play an equally central role in Leeu- 
wenberg's (1969) pattern language ? and in 
Restle's (1970). Restle calls the s relation 
r (for "repeat") and the z relation ¢ (for 
* transpose"). 

Glanzer and Clark (1962) and Vitz and 
Todd (1969) limit themselves to binary and 
ternary sets of symbols (the sets 0,1; a,b; 
and a,b,c), hence make no use of the 
relation, but only of the s relation. There- 
fore, their pattern languages are both 
simpler and more limited in range of appli- 
cation than the languages used by the other 
authors. 

We come now to two additional kinds 
of relations that are used by Simon anc 
Sumner (1968; and subsequently by Restle 
1970) to describe certain patterns—rela 
tions that are relevant only to the alphabe 
of integers. With the integers, we may use 
first of all, the relations of sum (+) anc 
difference (—). These can be defined it 
terms of the successor and predecesso 
relations, as in the Peano axiomatization 0 
arithmetic (e.g: (i4-2) =n (i+1) =" (i) 
G—-1)= p(i)), but it is often more con 
tionally, to retain the arith 


venient, nota 
s well as the successor an 


metic relations a 
predecessor relations. 
Finally, with the alphabet of integers, W 
may also define the complement relatio 
(denoted ck, where £ is an integer). To se 
what this means, consider the sequence: 


123321 [: 


5 The resemblance of Leeuwenberg's langua 
to the others is not easy, at first, to detect unde 
neath his notation. An integral sign plays t 
role of n in his language, and parentheses t 
role of s. Thus, the pattern f(1) describes t 
sequence 1234 in his notation. That is 
say, (1) denotes (1)*, aud the integral sign des 
nates successive summations: ^ 1+1, 2+1, € 
In the notation of Simon and Kotovsky (196. 
this same sequence would be encoded as [4 $7 
tegers] (n(n) )*3 in Restle’s (1970) notation, 


would be encoded as N*(1). 
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S = S3 = S2, or, in 
dde F i) ^ 5). Defining 
NS as the k's complement of i, we can 
write instead : S; — S (c5 (1)). : , 
Restle (1970) introduces a relation which 
he calls m (for “mirror’’) in order to permit 
complementation. He does not, however, 
use the relation consistently, and hence his 
various examples do not all fit the same 
definition of it. 
In the example above, the complementa- 
tion relation is applied to the Postscripts 
designating the locations of symbols, ]f 
the sequence uses the alphabet of integers, 
the relation can also be applied to the 
symbols themselves, That is to say, 
Sequence 5 can also be described by 
Si = cA(S(i — 3);i(3: 5); Sj = G +1); 


j(0:2), 
Y, all of the pattern | 


In summar anguages 
describe seque 


nces with 


nss, n.b, +, —, and 
of these. T 


under consideration 
the help of the relatio 


ck, or some subset 
three relations ar 


they 
nts for vir. 
ar patterns, 


Designation of Symbols 


to be thre 


naming explici 7 
their Positions the Sequence mi 
the Symbol that follows S3 an Precedes 
S5), (b) displaying elation in the Patter. 
in the order in Which the Orrespong $ 
symbols appear in the original en 
that the pattern 


Dg succes. 

€ The example in his Figure 2, as 
first two examples in his Table j 
with his definition of the relation jj, 
? More formally, this Scheme retains so 
the information about the order oj 
the Sequence by an order-preserving 


Well as the 
is Mconsistent 


me of 
Symbols in 


many-one 
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= mbers 
sive runs of identical symbols by Rare ite 
corresponding to the run oar the first 
examples thus far, we have use slicitly: bA 
method, naming each symbol ees number 
postscripting '*S" with its X E 
in the sequence (numbering 3 tit is not 
This is a very flexible notation, ^ 
compact. Consider the sequence: 


[6] 
ABMCDM +-+. 


be 
; once would 
In this notation the sequence 
described by the relations: 


(3, — 2); 

= A; S3: = nS(3t Xt | 
E — 2) 2 asac — 0) L 
S(3i — 1) = M;i(1:*) 


arly 
-( very clear 
The postscripts do not reflect very 


: "ucture 
the periodic or hierarchic oil 
Sequence 6, in which each nad "e triad: 
repeats the relations of the pres visible ! 
The Periodicity becomes more b double 
each symbol is designated by ‘denoting 
Postscript, the first SM location 
the period, and the second, Pith this 
(0, 1, or 2) within the period. vip sixth | 
scheme, the second symbol m. 1)). The 
Period would be designated (56, 

Pattern can now be rewritten as: 


50 = 4; SG + 1,0) = nS(i,1)i 


S(i1) = nS(i,0); 
S(i,2) = M; i( 


ll 


" an 
er ; Simon “a 
This notation, employed by yea 


diizéek 
Sumner (1968), still does not E con 
the structure of Sequence 6, W ente he 
Sists of a simple alphabetic Sede d) inte 
first two symbols of each Phe letter 
Woven with a repetition of the 


«Redi 
4 ifie 
: ar simpl " 
he notation can be further S 


uf 

signa. 
: esign^ jp 
using the second method of desis! h 
Symbols, 


ns 
e relatio"? sg 
by writing down the na name 
. H cins 
a definite order, and by introdu = 
Or working memories. zak 
aea 3 


„n ub” 
. onto $us 
ce ym 

pat 


symbols of the sequen ot à 
the pattern. The nunibes se the 
Successive sub-sequences i 
he period of the Mp pe TT ni 

Aba shall see, this scheme is a SI that Wg 
and abstraction of the preceding one rn, ret? of 
nates redundant Symbols from the DA ers 
NS only the superscripts that denote 


«tio 


ta 
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po due memory, call it a, contains 

sorde § an alphabet and a pointer to a 

oa a ar location of the alphabet. Mov- 

Fd EN locates the next location on 

the S vet. U sing this idea we can notate 
pattern of Sequence 6 by: 


[u — a] (n (u)n (2) M)* [9] 


em be read: "Set the pointer in 4 
Move egi of the Roman alphabet, a. 
bet (ie fg one place down the alpha- 
(i.e., ee " n(u) =A), then one more place 
; DE: w = B); then produce the letter 
nitely psa ^ these three processes indefi- 
denote ar (The square brackets in Pattern 9 
a sya: operation that does not produce 
ymbol.) 
h an new notation abandons entirely the 
location postscripts to designate symbol 
Positions , Instead, the rules for the three 
lin s in the basic triad are written 
As 2 following the other, in order. 

ie eat of these two changes in nota- 
ispensi reducing working memories and 
Symbols © ' with the explicit names for 
scription at designated locations —the de- 
of the Eas greatly abbreviated. In place 
in Patter sy mbols in Pattern 7, or the 51 
Symbols rn 8, Pattern 9 contains only 17 
essential The notation of. Pattern 9 is 

Kot es vr that introduced in Simon and 

povsky (1963). 

t esp (1970) later introduced a different 
Names Ta permu the suppression of explicit 
tions ų or symbols. He employed opera- 
o MER Sequences of symbols, the effect 

he gs àn operation being to change all of 
"A. mbole in the sequence 1n exactly the 
his ies a To see the relation between 
sky tation and that of Simon and Kotov- 
St’ S denote by .S; a sequence of symbols, 
Operate ^. Then we can define, for any 

ator, o, 
of Sz} = {0(Si)} [10] 


SO th; 
that, for example, 


{A ` 
B,C} = {2 (A), n (B), a (C)} = (B,C,DI- 


R 
stle ; 
ators; also allows concatenation of oper- 


(01. 02){S,} = o1(So2(S3 [11] 
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that is, the effect of applying the concate- 
nated operator, (01,02), to a sequence{.S;} 
is to produce the sequence 01{S;} followed 
by the sequence 02{S;}. 

Restle introduces one other useful nota- 
tional device. Let a lowercase letter, 0, 
designate any operator; then the corre- 
sponding capital letter, O, designates the 
concatenation of s with o. That is, 


0 = 3,0 [12] 


so that O{S;} = s{SiolSi} = (S3 (0(52)- 
While Restle's notational innovations are 
applicable only to very special classes of 
patterned sequences, they permit sequences 
belonging to these classes to be described 


perspicuously and compactly. Consider, 
for example, 
DEFGEFGHFGHI ::*. [13] 


In Restle's notation, this can be de- 
scribed by: 


N*(N*(D)) [14] 
where 
NS) = (SINEAD: 
N{S} = (SA {a(S}, 
whence: 


N*QP(D))N*(DN*(E)) 2N* (DEN (F)) 
_.N* (DEF n (F))N*(DEFO) 
—[DEFG N*(EFGH)] 
—[DEFGEFGH N*(FGHI)]— etc. 

on and Kotovsky (1963) 


In the Sim 
f Sequence 13 


notation, the description o 
might take the form: 


[uD] (Curu Jo [n (m) [n (uz) ])* [15] 


nine symbols, 


Pattern. 14 requires only 
27 to describe 


while Pattern 15 requires 
Sequence 13. 

On the other hand, many sequences can- 
not be described at all in Restle's special 
notation—Sequence 6 being à simple ex- 
ample. The reason is easy to see. In 
Sequence 6, unlike Sequence 13, the symbols 
of the ith period cannot be obtained by 
applying the same operator 1o the corre- 
sponding symbols of the previous period. 
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the Other, 
(Details of Leeuwenberg's encoding, which 
involves the notation of “runs” of the sub- 
patterns [see below] can be found in his 
paper.) 

In the Schemes of Glanzer 
(1962) and Vitz 
become simpler 
to binary (or t 
the relation s. ary case, a periodic 
pattern can be described in terms of the 


Successive run lengths of 1s and 0s, respec. 
tively, Thus, the sequence 


and Clark 
» Matters 
striction 
and to 


00100011111... 


can be encoded 
tion the sequen 


in this case, of length Zero.) 


the runs, on average, the more efficient 
is this encoding, 


The least parsimonious 
description —that fora simple al ternation— 
is simply the Sequence itself, 

With a ternary alphabet, each 
described by Juxtapositio 
and run length. Thus, 


[16] 


(By conven- 
a run of 1s, 
The longer 


as (02135)*, 
ce starts with 


run can be 
n of the symbol 


AAABBBCCC... [177] 

can be described as (A3B3C3)*, 
In terms of our previous notations, we 

could describe Sequence 16 by: 


(60) (1) ((0)s (50)9* [18] 
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Thus the run-length notation can e 
rived from the more general one by jas. 
all of the redundant, predictable sae 
in the explicit notation and retaining 
the su perscripts, onm 
Sull more complicated codes may V 
tate the description of special ae 
binary patterns. If patterns consis i o 
example, of runs and simple d 
à binary alphabet, then it may bee mcr 
to recode into a ternary alphabet1 ins 
0 — 8, 01 5 4—and then use the ve 
code suggested above for Sequence 17 
Feldman, 1961). core 
Where one symbol occurs much H de 
frequently than the other in a binary xt 
quence, a more efficient coding may gia 
achieved by simply mentioning iei by 
Sitions in the sequence that are eng) E 
the rarer symbol, for example S1 = 1 not 
S19 = 1, By convention, any symbo ane 
explicitly mentioned is the Har aese 
(in the example, 0). This method of 2 one 
Viation is a special case of a more gen Are 
Principle of Exceptions. Normal values bol 
defined for certain symbols, and oa ne 
is not explicitly Mentioned when it — 
on its norma] value. Thus, in the wee 
and Kotovsky (1963) notation, we can : : 
s as the normal value of the Operator 2 i 
Working memory, and simply write = 
Place of 5(u) wherever the latter ener A 
Basically, all of the wages by 
are considering | describe sequence smi 
defining the relations that determine Tis 
bols in terms of preceding ange sens 
length of code for any given js pem 
(hence the complexity of the p rela 
depends basically on the number o soma 
tions that must be defined. However, a 
coding economies can be realized rica 
Classes of sequences by using the sting 
just mentioned; for example, by wes ibit- 
mention of common elements, or by ex "à o 
ing explicitly only nonnormal value 
Symbols. piects 
These devices are used by human su A ae 
to achieve Succinct descriptions S Whose 
quences. Glanzer and Clark (1962), repor 
method involved asking subjects i jects 
Patterns verbally, found that the Su either 
generally described binary patterns 


— 
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ae runs (i.e., in. a language like 
ane Se above to describe Sequence 16, 
ie seve a the location of the “excep- 
a symbols (e.g., 1s in positions 2 and 
of the any ac for binary sequences, 
i imon & Sumner, 1968, language). 
An and Todd (1969), as previously 
tetin : constructed an information-theo- 
Pur. of pattern complexity. The 
as Gea eem underlying their measure 
M di e hs: the detection in sequences of 
Mater, ividual symbols and runs of sub- 
435-436 (see Vitz & Todd, 1969, pp. 
Pla As a result, there isa very high 
Sure Mere between their information mea- 
shows : à simple count of runs. Table 1 
lito. a or four sets of data presented by 
(a TUR Todd, the correlation coefficients 
ee Vitz and Todd's information 
as Dons (H) and sequence complexity (C) 
lengt ged by subjects; (b) between H and 
et, 1 of code (L), based on runs; and (c) 
ie C and L. 
i fs rom Table 1 that H accounts for 
the pis 95% of the variance in judged C of 
the OK cm „Except in one case, where 
With d ation is .79, the correlation of H 
Code Je 1$ around .9. Hence variation in 
ara aam accounts for about 80% of the 
nd in amount of information con- 
ù eee in these sequences. If H were the 
tare estimator of C, and L an approxi- 
o p urOpate for H, otherwise unrelated 
(ced. then the correlation between L and 
Siem bert = ruc X Tu As Table 1 
ar Vs, the actual correlation, r.c, is always 
ger than ;;c, Hence code length makes 
: (small) independent contribution to the 
"ediction of complexity, over and above 
"€ part explanable by the relation of 
to H, 
the pattern languages We 
ariety of notations to 
SSignate the symbols between which 
Decified relations hold. There is a trade- 


o ; 
ff, in general, between the generality of a 


Ntation—the range of pattern types it can 
*Scribe--and its efficiency in describing 
Particular types of patterns. Of the nota- 
lons reviewed here, that of Simon and 
Sumner (1968) is the most explicit and 
Seneral, but also the most "verbose" in 


1 ae summary, 
SXamining use a vi 


TABLE 1 
CORRELATION or Cope LENGTH, INFORMATION 
CONTENT, AND J UDGED COMPLEXITY OF Four 
SETS oF PATTERNED SEQUENCES 


Set of sequences 


Variable 


1. Hyr X complexity 


2. Hvr X code length rut |.92|.79 |.91 | .88 

3. Code length and com- rie 91 |.79 | .89 | .90 
plexity 

4 r'uc | .90].75 |.85 | .80 


Note.—Hvr = Vitz-Todd information measu: 
= number of runs of identical symbols; complexity = judged 
complexity (Sets 1-3), or number of reproduction errors (Set 4), 
Data for the four sequence from Vitz and Todd (1969), 
Tables 6, 7, 8, and 9, respect rte, = predicted correlation 
between code length and comp! y. r'o 7 'nc X nr. 


designating locations. The Simon and 
Kotovsky (1963) notation is considerably 
more concise, giving up only a little gener- 
ality. The notation of Restle (1970) is 
quite specialized but parsimonious where 
applicable. The coding schemes considered 
by Glanzer and Clark (1962) and Vitz and 
Todd (1969) are even more specialized 
and concise. They are obtained by omit- 
ting all the information that is redundant 
for the special sequences to which they are 
applicable. 


Iteration and Hierarchy 


Most of the coding schemes use numeri- 
cal superscripts or subscripts to indicate 
repetition of pattern elements—operators, 
symbols, or subpatterns. Thus m? is 
a convenient notation for "next of next," 
so that 7?(A) = n(n(A)) = C. Similarly, 
[u — A](Q1(4))?? provides a shorthand for 
[u — A ](n (u)n (u)n(u)) = BCD. We have 
seen how a run-length code can be derived 
by abstraction from such a notation for 
iteration: 


11100111100 — (1)8(0)2(1)#(0)? — 3242. 


The structure of patterns is not limited 
to simple periodicity, but may involve a 
hierarchy of periods. Restle (1970) has 
paid particular attention to hierarchic 
patterns, which were earlier used to a 
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TABLE 2 


RESULTS OF OPERATION 


sh-dow: Symbols | Restle's 
Operations ki |" produced | operators 
| 1 1 
—1] | 
A pom E 
B Eo 211 12 N 
11 
Pop 
(Repeat from 
SNP B to C) 12 E 
21 
D od (Repeat from * 
B to D) 2323 N 
P 1 
EO (Repeat from | 
A to E) 12 12 23 23 s 
CT():in — p] 6 
FU (Repeat from 
A to F) (65 65 54.54)2| C; 


limited extent by Kotovsky and Simon,! 
and extensively by Simon and Sumner 
(1968) in their description of music. 


Consider Restle's (1970) example: 
12122323121223236565545465655454 [19] 


The hierarchic phrase Structure of this 


Sequence can be made visible by punctua- 
tion: 


(12 12) (23 23), (12 12) (23 23); , 
(65 65) (54 54), (65 65) (s4 sa), [0] 
With our adaptation of Re 


tion, we can describ 
cinctly, thus: 


C7(S(N(S(N(1))))), [21] 


and from this pattern we can regenerate the 
Sequence again by successive steps: 
ETSN (SN QD) C? (S(N (5(12))) 
CT(S(N (12 12))—C7(S(12 1223 23)) 
CT (1212 2323 12 12 23 23) 
— (12 12 23 23 12 12 23 23 


65 65 54 54 65 65 54 54) [22] 


stle's nota- 
e the sequence suc- 


There is a serious objection to t 
Pattern 21 asa hypothesis of how 
might encode Sequence 20, As Seq 
shows, regenerating the Sequence from the 
pattern calls for a short-term memory 
capacity of at least 16 symbols of the 
sequence as input. 


aking 
a subject 
]uence 22 


"KK. Kotovsky and H. A. Simon. Empirical tests 
of a theory of human acquisition. of concepts for 
sequential patterns, In preparation. 
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An alternative encoding, based p^ E 
Simon and Kotovsky (1963) Ew is 
avoids this difficulty. To explain EU o 
necessary to introduce the her ee N 
bush-down list. A push-down list is i a 
a sequence that can be altered ony 
adding a symbol to, or taking a ie the 
from, its front end. Let us call mE 
operation of duplicating the first Mari 
of a push-down list, and pop the ope Then 
of removing the first symbol. (ABO 
push(ABC) = AABC, while pop sory 
= BC." We can use a working eo 
#, holding a push-down list, and. 
operations to encode Sequence 19 as: y 
[u — 1]((push ((push p n (u) pop)*Ln E 

poterie ee Pg 
where [n — p] replaces Operation i the 
Operation P everywhere throughou 
Pattern, ii 2) 

Let us follow step by step (see Table e 
the generation of the sequence ion dd 
tern 23, indicating also the correspon ators 
between these steps and Restle’s oper 
in Pattern 21, ^s. only 

Now in this Process, unlike Restle ae 
the symbols in the push-down deb du d 
held in short-term memory (a MN o 
three symbols), not all of the sym imum 
the sequence already produced (a sae the 
of 16 symbols). From this Siandpo n oad 
representation employing the lol of the 
list provides a more plausible mo! recursive 
Psychological process than the en ap" 
representation. The same argun aerating 
plied to Patterns 14 and 15 for get atter” 
Sequence 13 shows that the former p four 
(Restle, 1970) calls for a me latte 
Symbols in short-term memory, imum 9 
(Simon & Kotovsky, 1963), a maxi yn lists 
two. With the use of a push-dov 
Pattern 15 could be rewritten: 


[4 — D] (push y (n (u))? pop Lz (u)J* 


10 p. 


[25] 


(m with 

ush-down lists were invented alone mid- 
Computer list-processing languages 3r implement" 
1950s. They have been used widely A dodi aU; 
ing parsing programs (so-called ur natura 
tomata”) for computing languages 4 pu 
languages, Hence, the notion that od shor 
list may be part of the organization and sup 
memory already has some currency 


por 
: : eye, 1960)- 
m psycholinguistics (see Yngve, 19 


E 


p 
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In Restle's (1970) recursive scheme, the 
short-term memory requirements depend 
bae ep of the period at the highest 
mibe the pattern hierarchy. This 
re be expected to increase 
ie Peat. geometrically with number 
list a n the scheme using a push-down 
tneieas nie read memory requirements 
is ase only linearly with number of levels 

the hierarchy. 
iier has produced some data that dem- 
1970, Fi quite convincingly (e.g. Restle, 
the dir: 3) the psychological reality of 

Wire, |. phrase structure of patterns. 
with he! nis data are equally compatible 

encodings represented by Patterns 
aee ene for both postulate the same 
ructure in the pattern. 
Bing e PEE various of the encoding 
Subpatte make provisions for iteration of 
8 Mcture of and for hierarchic phrase 
Can be Gad patterns. Empirical evidence 
Strate th n has been) produced to demon- 
Pätteren Ept, in fact, encode some 
Oding rie eoa The different en- 
ands on ee place quite different de- 
Seneratin i hort-term memory, however, in 
g sequences from their patterns. 


App 
ties 
TIONAL PSYCHOLOGICAL IMPLICATIONS 


Sd analysis up to this point has been 
Bip ned mainly with describing different 
eed that have been proposed for 
introdue patterned sequences. We nave 
E uced behavioral evidence only occa- 
nally to elucidate some particular point 
Comparison or contrast. The remainder 
Nes paper is concerned with additional 
o Plications of coding languages for psycho- 
ical theory. 
à particular sequence can be encoded, 
Sere Presented internally, in several dif- 
What ays then it is important to explain 
subi letermines which encoding a human 
i Ject will use. If different subjects use 
erent encodings, it is important to ex- 
A the causes for the difference, and its 
Nsequences in terms of task performance. 
; r he tasks that subjects have performed 
in the laboratory with patterned sequences 
include: (a) ranking sequences according 
to complexity, (b) inducing patterns om 


of 


sequences, (c) describing sequences ver- 
ballv, (d) learning and remembering se- 
quences, and (e) extrapolating sequences. 

Task a only produces observable be- 
havior when combined with c, d,ore. Any 
one of the latter can be used, in turn, to 
produce measures of sequence * difficulty" 
— that is, difficulty can be measured by the 
time required to perform any one of these 
tasks with a given sequence, or by number 
of errors. (Not only the number of errors, 
but also the precise nature of the errors 
can be determined.) 

A priori measures of sequence complexity 
can also be constructed and these can be 
correlated with sequence difficulty as 
measured by subjects' behavior. As we 
have seen, sequence complexity may be 
measured by code length or by information 
content; the two kinds of measures are 
mutually translatable, the one into the 
other; and both kinds of measures are 
defined relative to à specific encoding 
scheme. 


Correlation of A Priori Com plexity Measures 


When two or more à priori complexity 
measures are computed for the same set of 
sequences, the correlation among these will 
indicate the similarities of the encodings 
or, conversely, the sensitivity of the mea- 
sures to details of encoding. 

We have already seen that Leeuwen- 
berg's (1969) measure correlates .8 with 
Simon and Kotovsky's (1963) when both 
are applied to a set of 15 sequences from 
the Thurstone Letter Series Test, and that 
this high correlation is a consequence of 
the basic similarities in the coding con- 
cepts underlying both schemes. 

Similarly, a simple computation verifies 
that Vitz and Todd's (1969) information 
alae egies eee 

en binary and ternary 


ege adu encoded in terms of simple 

Since we emphasized at the outset that 
code length is relative to the coding lan- 
guage, it is not obvious why these high cor- 
relations occur. They occur because the 
various coding schemes are not unrelated 
but are all based on the same set of rela- 
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tions (n, p, s, c), and on notation for xe 
ation. When we compare Patterns 14 an 

15 for Sequence 13, for example, we see 
that, however more compact Pattern 14 
is, each symbol in that pattern corresponds 
to a symbol, or set of symbols, in Pattern 
15. Thus, we have the correspondences: 


N* e (Dui — u;]- - [7 (22) )* 
N? e ui(n (n1) 
D [us — D]. 


As long as we do not change the basic 
relations used, we can expect that relative 
complexity of Sequences will be rather 
insensitive to details of the coding, pro- 
viding that the Sequences under consider- 
ation are not too heterogeneous. Hence, 
our ability to predict measures of behavior 
may not depend on our knowing in detail 
the exact encoding scheme that subjects 
use. If this is SO, it will be difficult to 
choose alternative encoding hypotheses 


Without Sophisticated analysis of the be- 
havioral data, 


Correlation of A Priori with Judged 
Complexity 

A major use of complexit 
e.g., Vitz & Todd, 1969) ha 
complexity as judged b 
priori measure of cor 
reasons just stated, the 
correlations canr 
of the specific 
Rather, the higl 
interpreted to 
confronte: 


y measures (see 
s been to predict 
Y subjects from ana 
nplexity, For the 
achievement of high 
not be taken as a validation 

a priori measure used. 


complexity of the 
sequence, 


This general hypothesis was put forth 
independently by Glanzer and Clark (1962) 
and by Simon and Kotovsky (1963). 
Glanzer and Clark went further, however, 
and, in their “verbal loop hypothesis,” 
asserted that the encoding was verbal (i.e., 
consisted of a sequence of English words 
and phrases), They said, specifically : 
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ask 
[The subject] carrying out a perceptual = D 
puts the information through a verba vd Seid 
He translates the visual information eta and 
oi words. (2) He holds the verbaliza 2 TN 
makes his final response on the basis of E id 
Complexity, under this hypothesis, becomes erbalid 
fied with the length of the S's [subject's] v 
zation [p. 295]. 


There is nothing in the data, yoyuect w 
demonstrate that the internal ien 
tation is verbal. The verbal owes k 
that Glanzer and Clark elicited par 2 
subjects could equally well have ls of 
fairly direct recoding into verbal fom nud 
the internally represented symbolic Ales 
nonverbal) structures, It seems prefera pe 
therefore, to adopt the more neutral Saag 
of Simon and Kotovsky (1963) regar É 
the nature of the internal representation : 


rat- 
Subjects attain a serial pattern concept by B ow 
ing and fixating a pattern description of Eee a 
cept. o a [Subjects] have stored in der de- 
program capable of interpreting and executing 
scriptions of serial patterns [p. 538]. 


Complexity and Difficulty 


A second use of complexity erani 
Whether a priori or judged complexity, © 
to predict the relative difficulty epa 
will experience in performing specific task 
on different Sequences, sce OE 

It is not obvious that the ranks p 
Sequences by difficulty will be the same se- 
all tasks—the same for describing, ic 
quences verbally as for learning per iodic 
Sequences as for extrapolating nd y 
Sequences. To describe a sequence ver ttern 
the subject must (a) discover the Pshort 
and (5) hold the pattern in memory es it 
term or long term) while he pea a 
(Glanzer & Clark, 1962). To pet 
periodic sequence he must either (a) fi the 
the sequence by rote or (b) Be. to 
pattern, hold it in memory, and use ! To 
generate the sequence (Gregg, aa 
extrapolate a nonperiodic sequence he i i 
(a) discover the pattern, (b) remembe nce 
and (c) use it to generate the seque 
(Simon & Kotovsky, 1963). could 

An EPAM-like learning theory W ces 
Suggest that three or four different «ir 
of task difficulty are present in diffe itv 
combinations in these tasks: (a) difficu 
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of discover; 
filing either a pattern, (b) difficulty of 
long-term sid a sequence or a pattern in 
holding in pomis and (c) difficulty of 
Eius dee a working memory the 
produce he or pointers required to 
owes: reme from the pattern. 
ents of di Meee E these compon- 
easy. In vas id empirically is not at all 
pattern Sdn, the more complex the 
More relatior easured by code length), the 
the sequenc m is necessary to induce from 
the more pe a order to find the pattern, 
in order to 2 bols it is necessary to fixate 
memory ind ore the pattern in long-term 
are MM rS the more working memories 
quence ao in order to produce the se- 
confounding the pattern, Because of this 
investigaton of components of difficulty, all 
a reasonably have found code length to be 
in Sling good predictor of difficulty, 
hus, read way difficulty 1s measured. 
£°rrelation i. and Clark (1962) report à 
ation le of —.826 between mean verbal- 
of wil ee (code length) and accuracy 
Same dat itz and Todd (1969), using the 
between a, find a correlation of 32 
Men y sm content (which is 
1 Code eger as an alternative estimate 
Leeuwenberg’ 1) and accuracy of recall. 
ations of P (1969) data show corre- 
9 difficult E and .66 between two measures 
for a vibus (errors and time, respectively, 
Stone Lune of 12 subjects) on the Thur- 
Using his ot Series Task and code length, 
ar Sines scheme} there are simi- 
lese Sut ions, of .74 and 61, between 
Code Je E two measures of difficulty an 
ngth with the Simon and Kotovsky 


= pe 


Kur 
oding scheme. 


Dir, 
ect Ry; 
Evidence of Encoding 


Ti : 
e: of "direct" evidence have 
Odings ght to determine the actual en- 
Clark oar by subjects. Glanzer and 
E M: simply instructed the subject 
already nn each sequence, with the results 
Otovsk entioned. Kotovsky (1970) and 
Obtaineq" and Simon (see Footnote 
$nces ess protocols and other evi- 
While disc ering U sequential behaviors 
Sequence covering the patterns in a set O 
cs. Williams (1969) obtained à 
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combination of verbal protocols and eye- 
movement data. The patterns inferred 
from this direct evidence generally fit well 
the Kotovsky and Simon coding language. 
While numerous individual differences were 
found, these almost all fell within the 
general range of concepts allowed by the 
formal language—that is, it was usually 
possible to express the variant encodings in 
that language. 

For example, in the specific case of 
Sequence 13, some eight of Kotovsky and 
Simon's 14 subjects used a pattern descrip- 
tion corresponding closely to Pattern 15 or 
23, and only one a description resembling 
Pattern 14. On the other hand, with the 
slightly simpler pattern, PON ONM NML 
+++, four subjects used an encoding re- 
sembling Restles (1970). Restle's de- 
scription only requires three working memo- 
ries to handle the latter pattern, but four to 
handle Pattern 14, and this difference in 
the demands upon working memory may 
account, in whole or part, for the preferences 


among encodings. 

Gregg (1967) has also provided direct 
evidence on how subjects describe a pat- 
tern they are trying to discover and, more 
important yet, how their mode of descrip- 
tion affects the ease or difficulty of learning 


the pattern. 
CONCLUSION 


A survey of the principal alternative 
formulations of a theory to explain human 
performance in tasks involving patterned 

Il of these formulations 


sequences shows a 
to be mild variants on a basic theme. The 


formulations agree in proposing the follow- 
ing: (a) that subjects perform these tasks 
by inducing pattern descriptions from the 
sequences ; and (b) that these pattern de- 
scriptions incorporate the relations of same 
and next (on familiar alphabets) between 
symbols, iteration of subpatterns, and 
hierarchic phrase structure. 
As a result of this concensus On funda- 
measures of the relative com- 
fferent patterns can be ex- 
arly the same, independently 
fic encoding languages are 
ting them. A little direct 


mentals, 
plexity of di 
pected to be ne 
of which speci 
used in compu 
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evidence is now available to help us pe 
Stand what circumstances subjects * 

use one or another of these encodings (or 
Pus autos to seek crucial experiments 
to determine the coding language, because 
(a) different subjects almost surely use 
different representations for the Same se- 
quences, and (b) the Tepresentations used 
may well be modified by task instructions, 
previous experience, and the character of 
the set of sequences used in the task. 


* On these points 


has 
already been mentioned. 


The same con- 


(In their 
; mention mean or 

rrelations of .67 
-84 for two Sets of data.) 


“the” pattern code or 
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It is argue i 
gued that theoretical developments in cognitive psychology and the 


ncreasing use of introspective report 


bak consideration of consciousness. 
gested for cognitive processes, based 
Its main 


Galanter, and K. H. Pribram. 
quem system” (similar to a plan) 
ut that other such systems may be 
derived by cybernetic analogies, and 
viewed. 


It is suggested that part of the model 


s require a rationale, and that this should 
An information-processing model is 
1 on the ideas of G. A. Miller, E. 
characteristic is that only one 
can be maximally activated at any time, 
more weakly activated. The model is 
empirical evidence for it is briefly re- 
the selector input to the 
respond to those of con- 


domi "s : E 
minant action system—has properties which cor 


sci WE 
iousness. The selector input has 


the functions of selecting which action 


system is dominant and of setting its goal. 


In FS esed 
p Pe ra it is argued that the basic 
can be etai e concept—consciousness— 
ing Gem € onto an information-process- 
le Siper b In arguing for this mapping. 
0 remove as two aims. The major aim is 
cessing the an anomaly in information-pro- 
Dects of m ory, namely, that while many as- 
tists i as life have been modeled, theo- 
conscious karoe direct consideration of 

Cognitive wareness, although this is vital 
ory Titre cea a is to have a satisfac- 
acilitate t ical base. The minor aim is to 
Which iny E interpretation. of experiments 
Sections olve the subject in complex intro- 

n the Autesenn or strategies. 
Psycholo development of models, cognitive 
. Consciene have approached the problem 
potion ta ness indirectly as 1m work on at- 
Osher & a Deutsch & Deutsch, 1963; 
oies, 1971) or have used it as an 


une 

Xplai 

3 m a 7. 

an ed component as, say, 1 Waugh 
that 


transee eee (1965) requirement 

requires Pi Primary to secondary memory 
No expla Onscious rehearsal. There has been 
logica ^nation of how such a phenomeno- 


a. 


T Cor p 
mechanism. Pe can be related to ideas about 
Sed for sy One possibility is to reject the 

Such an explanation, to argue that 


1 

I 

H shou T 

Urs derit y like to thank David Gafían, Ted 

helps cisser, R. Jonckheere, Phil Johnson-Laird, 

Serj comme and Peter Wason for their most 
pt. ents on earlier drafts of this manu- 


Si, Quest 

hallica s fo; . " 

big] t, mes jedes should be sent to Tim 
Queen S ology Department, National Hos- 

quare, London, WC1, England. 


Yet, in- 


consciousness is à pseudoconcept. 
and 


creasingly, concepts such as strategy 
rehearsal are being used as explanatory con- 
cepts. Such concepts depend on the theorist 
reflecting on his conscious experience and are 
very different from a concept like primary 
memory whose roots lie in physiology and 
computer technology. Even a concept like 
eidetic imagery is not understood by a per- 
son lacking it as he would a mechanistic con- 
cept, but through descriptions by other peo- 


ple. Hence. if consciousness is to be rejected 
as a pseudoconcept, to be consistent such 


concepts must be rejected too. 

This would much restrict the present ex- 
planatory repertoire, but it would also have 
other repercussions. Subjective reports are 
increasingly used, if on occasion slightly dis- 
guised under the label “protocols.” Also 
more use is being made of instructions which 
require subjects to monitor their conscious 
experience in complex ways as for Sperling’s 
(1967) subjects who had to adjust the time 
of occurrence of a click so that it coincided 
subjectively with the termination of a visual 
Ii consciousness is a concept as 
as a concept like “ghost,” 
ts produce scientifically 


useful results becomes very mysterious and 
unexplained. Tt thus seems that the problem 
of consciousness occupies an analogous posi- 
tion for cognitive psychology as the problem 
of language behavior does for behaviorism, 
namely, an unsolved anomaly within the 


domain of the approach. 


image. 
unrelated to reality 
how such experimen! 
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Turning to the second aim, phenomenolog- 
ical evidence remained acceptable, at least in 
perception, even when psychology was at its 
most behaviorist. Judgments required of 
subjects would be of standard Sorts, for ex- 
ample, psychophysical ones, and the theoreti- 
cal explanations given for the results could 
normally be in terms of mechanisms clearly 
distinct from the judgment process itself. 
For instance, the results of color-matching 
experiments are interpretable in terms of 


retinal mechanisms, while the matching proc- 
ess itself is centra]. 


and pitfalls of Partic 
cedures became know: 


In effect, the judgmental 
e almost as objective a 


as a physical measuring in. 
strument such as 


2, for a related view), 

Owever the more centr 
under investigation, or to 
lanter, and Pribram’s (1960) term, the less 
it belongs in the Image, the more difficult do 
such cross-checking operations become, The 
introspection or judgment Process will be 
intimately involved with the mechanisms un- 
der investigation so the two stages will not 
be separable as measuring instrument and 
phenomenon, Asan illustration, ci 
difficulty of demonstrating th 


(1965) Protocols of chess thinking are free 
of artifacts. Hi 


Psychology, 

One means of avoiding this q 
develop theories of the introspec 
so that one can 
should or should I 


anger is to 
tive process 
assess theoretically what 
not be subjectively report- 
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able. This assumes that the em ae 
Process can be split into two parts—t te 
duction of conscious experience and We 
porting of the experience. | The vx. a 
evidence for making this split is the We peid 
which experimenters, for example, = ex- 
ceptual experiments, utilize their e m 
perience in the experimental situa «noris 
order to interpret the subjects de exa 
(Natsoulas, 1967 ; Rosner, 1962). ir 
tremely complex problems sc e diss 
second stage have been Kk m will 
cussed by Natsoulas (1967, 1970) ; they 
not be considered in this paper. in at- 
Two linked assumptions are i 
tacking the problem of the relation b hae 
conscious experience and ee, 
the identity theory of the relation b rec 
mind and brain will be sissen, Cor 
This is that mental processes are ke Brai 
with certain physical processes in the vene 
in the sense of “identity,” by which pie 
is identical with a section of a deoxyri from 
cleic acid (DNA) molecule. Te 
this, the problem of relating re e gen- 
Processing theories to penc at 0 
eralizations is assumed analogous to oni 
relating two neighboring fields of kd a to 
“Phenomenological generalizations ini sim- 
hypotheses ranging from ones based on. ex- 
ple introspection such as that "edet 
Perience can be of various types, Debscure 
images, intentions, etc., to more jefinin£ 
philosophical ones such as that a ve perty 
characteristic of a mental state is its prof 
of intentionality, ion, it 
With respect to the second or eae re- 
is clear that one technique in eee o 
lating two fields is by constructing oncepts 
phic correspondences between the c of an- 
and operations of one field and ve con- 
other. Numerous examples of suc e, the 
Structions exist in the history of scienc Jectt- 
most famous recent one being that of Paste 
lar biology linking biology and an is ex- 
As Beckner (1959) showed, using her iso- 
ample, it is not necessary to constr i an 
morphisms between al] the cg a o 
operations of one paradigm m to the 
another (ie. reduction of the c. e 
Second) for the linking to be SUCERS® canno 
argues that the concept of a kidney 
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teet its physical and chemical prop- 
fe or can only be understood in 
Bud fum ie unction within a whole s “stem, 
Eie 2 d b ee ee 
TI A and chemical concepts. 
aloes bre clearer if one uses the 
the Wo oe theory as a map of 
Fe Kies | K wo perfectly correct maps of 
Tediced area cannot necessarily be totally 
Emm to the other, as they may be 
foem ae different aspects of the area, 
gical stp, e, ancient monuments and geo- 
claimed E a This approach avoids one 
fer, 1961 Me for identity theory (Shaf- 
not have Nee conscious experience does 
ocalized Pi he property of being spatially 
» brain states do. 

oe ay it seems that the philosophical 
SWered zx the identity theory can be 
robaki £ rmstrong, 1968 ; Borst, 1970). 
ne he Strongest objections are linked 
claim: Senstein s (1953) succinct but opaque 
Outward ae process stands in need of 
approach ange [p. 153]." Wittgenstein’s 
eg. n Írequently been interpreted 
Mental Pw ; 1963) to mean that insofar as 
ie enne can be communicated, they can 
any atten, ded observables. It follows that 
nation 3" E to use phenomenological infor- 
Phrase oh rho which does not just re- 
vacuous [dena information would be 
ice of ons s pointed out earlier, the prac- 
this diis. ps research appears to be proving 
Sin diq alse. It is likely that. Wittgen- 
Position ie hold such a_neobehaviorist 
arguments ac Malcolm, 1963) and that his 
Surround are more relevant to the problems 
SPective ing the second stage of the intro- 
Not con Process—the reporting—which are 
Buen, qid in this paper. His actual ar- 
Nological epends on showing that phenome- 
World al terms do not describe a private 
Seems unrelated to action. Therefore, it 
i Compatible with the present approach 


In whi 
actio, "ich consciousness is to be related to 
n. 


ob 
an 


se ponents of the identity theory have 
Siven ok on the ground of parsimony, 
trast, Gra n oo knowledge. By con- 
no sui ay ( ) has argued that it offers 

guides to what Properties of the brain 


ar; 
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give rise to consciousness, and that it limits 
the scientifc questions one can ask about 
consciousness. Identity theorists do tend 
to view consciousness as a property depend- 
ent, at least in part, on the nerve cell com- 
position of the brain and not just on its 
system of organization (e.g. Armstrong, 
1968). However the present theory demon- 
strates that the identity theory can relate 
to system level properties of the brain and 
that it can form a basis for theorizing on 
questions which Gray considered important, 
such as the survival value of consciousness. 

As no presently existing model seems to 
provide a basis for constructing an isomor- 
phism, one is developed in this paper. It is 
not conceived as a finished model—other 
models might well be constructed to account 
for the limited empirical evidence considered 
—but the development of a model enables 
answers to the metalevel questions to be 
made concrete. Since the argument on the 
proposed isomorphic relation between phe- 
nomenological and information-processing 
concepts moves over a number of different 
considerations, a brief summary of the iso- 
morphism is presented here. The brain is 
conceived of as containing, among other 
units, a large set of action systems (similar 
to Miller et al.’s, 1960, TOTE units), only 
one of which can be maximally activated at 
any given time. A certain sort of input to 
each action system has two functions. It 
determines first whether that action. system 
will become dominant, that is, maximally ac- 
tivated. If so, it then sets the goal of the 
action system until either the goal is achieved 
or the action system is reactivated with a 
different goal. It is this input (the selector 
input) that is identified with the content of 
consciousness. A flow diagram of the model 
is shown in Figure 1. 

Since direct empirical testing of multi- 
axiomatic theories is notoriously complex 
(see Broadbent, 1958), the model is con- 
structed on the basis of cybernetic consider- 
ations so as to provide another form of sup- 
port. It is argued that the model satisfies 
constraints necessary for any mechanism 
which would function like a human organism. 
The cybernetic section is followed by a brief 
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the model, it has th 
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SPEECH 
SYSTEM 


model (5 action 
ia the effector sy. 
oviding Selector input for other 


PERCEPTUAL 
SYSTEM 


] id lines repre- 
V arem i Dario D. (Solid Tines epee 
stem is included in this cate gory 1 lines 
people, ] re ee 
[To avoid complicating the dia 


à in the 
: s Tha ed lines in 
output shown is that irom Action System L] The pues 1 input pro- 
Derceptual System represent the partial autonomy required for particular. specific 

cessing. For simplicity, certain inter 


out, eg. sensory-eff, 
function memory nj 


review of the empirical 
self followed by more 

logical considerations, 
ne claimed characteristic of 
State is that it has an object. One is thinking 
of X, Perceiving Y, or intending Z, and only 
One of these at Once. This unitary nature of 
Consciousness jg Mirrored jn Psychology by 
i Pacity ideas. Evidence, particu- 


limited-ca 
larly that of Posner and Boies (1971), dis. 
ndicates that there is a limited 


cussed later, i 
Programming or 


evidence Which is it. 
detailed phenomeno. 


à conscious 


Capacity for the 


motor re. 
Sponses, which Suggests developing the 
model from Consideration of the control of 
actions, 
CYBERNE 


TIC CONSIDERATIONS 


AND MoneL 
ASSUM PTIONS 


A common assumption of the 
the infinite variet 


is produced by 


orists is that 
Y of one’s potenti 
the operation of a fin; 


connections 
$ no argument. 
t is required, 


ft 
d z ee been le 
not considered in the models have s no 3 
S have been presented on buic are not 

the memory aspects of the model : 


:acet' S; 
(eg. Piaget 
ber of internal control systems (e.g 


OTE 
0, Schemes; Miller et al.’s, e um hu- 
Units), It has been widely argued echically 
man contro] Systems operate err tll 
in an analogous way to computer : routines 
Where the main program may call m routine 
Which may themselves call in stus ]l, Shaw 
and so on (Miller et al., 1960; New “primati ) 
& Simon, 1958). Miller et al. P confit 
Concerned with the way wer sectio 
Systems operated. Instead, in a the @ 
while their general approach is t sys" 
Problem of how control passes from 


C——— 


A con- 
tem to another is tackled, The jo at ack 
trol—the action system—is treated pee 
OX whose Properties, stated in programs: 
sumptions, are similar to those of prog 
except for Ag 
gram analogy 
interna] opera 


are Probab] y 


as- 


qe 

The pf? 
sumptions 3 and 4. = to the 
is not intended to re which 
tion of action systems, 


+. ana 
ived in é 
Most easily conceived 
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ien Dibe the work on simulation 
1970; Wick eB. Bernstein, 1967 ; Gibbs, 
Us jer, 1948.) 
Jen zr baeo ss analogy, the basic prob- 
latine 2 hes tion is how a mechanism simu- 
three proper cg could have the following 
of duae er M) a very large number 
cility, that is Fassa rd (0) the routine ta- 
and (c) ra d ú aa hical changes of control ; 
Most viis. ACCESS to and realization of the 
ects of ae 3 »» Throughout, the ef- 
vant to the model i: e 3H exi irs 
Model are Si he assumptions of the 


d auction to perceptual, motivational, 
Set of M systems, the brain contains à 
2. Ker 1 systems. 
Soal, [p Systems operate so as to attain a 
to other deas of output to effector units or 
tem may [vnd systems. Each action sys- 
set as a nave a finite number of variables 

a goal when it is initiated. 


the following: 


n Due than one action system has a sub- 
Tate actio common, then it becomes a sepa- 
Setting dm or an effector unit. The 
? and ^ sere discussed in Assumption 
are both SERE di A of common subsystems 
erate in ay cessary to enable the system to op- 
Program, a = fashion to a computer 
Systems " 1 he separation between action 
after Ane effector units will be dealt with 
ssumption 5. 


3. Tr 
atti he speed and accuracy with which an 
of tiene operates depends on its level 
he ME or which can continuously vary. 
Or here level of activation necessary 
Hon irat functioning differs between ac- 
and th, ems depending on their complexity 
have been 


pes : i 
earned, extent to which they 


4 N 
x Oe than one action system may 
Mt any ca activated (i.e., become dominant) 
Activation en time. This results from the 
libiteq ! of each action system being in- 
Mount e every other action system by an 
the of eri rci monotonically with 
activation. 


be 


at 


The 
a two las 5 
as last assumptions are put forward 


a 


a soluti 
tion to the potential cybernetic prob- 
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lem that an organism has many goals which 
it needs to achieve at any one time and has 
only a limited number of effector units 
available. 

It would be possible to arrange that each 
effector unit is controlled by the most im- 
portant action system requiring it, by either 
serial or nonserial means. Serially, a rela- 
tively simple program could list the action 
systems in order of importance. Given the 
large number of action systems a human 
would need to possess and the need to make 
continual changes in priority with the chang- 
ing stimulus situation, such a system would 
prove very slow given the relative slowness 
of neural as opposed to electronic processing. 
For example, if 2" action systems existed, to 
reassess the priority of one action system’ 
would require » succes ive activation com- 
parison operations. 

On a simple parallel model operating ac- 
Assumption 3, it would seem pos- 
sible for each effector unit to be controlled by 
the action system which activates it most 
inputs from other action systems 
being inhibited. However, consider the situ- 
ation in which two action systems are 
roughly equally activated. An example 
would be changing gear and signaling to go 
in an English car. In such a car, 
s movements with the 
left hand and foot while holding the steering 
wheel with the right hand; signaling right 
involves holding the steering wheel with the 
left hand while using the right arm for sig- 
Thus the effector units for both arms 


cording to 


strongly, 


right 
changing gear involve 


naling. 
receive conflicting input from the two action 
systems. If the motivating circumstances for 


changing gear and signaling right are equally 
strong, then all four inputs to the motor 
control units will be equally strong (this pre- 
supposes that the outputs of an action sys- 
tem to each effector unit are equally strong ; 
other assumptions are also disastrous). 
Given any noise in the system, there would 
be a 5096 chance of the effector units being 
under the control of different action sys- 
if the stronger input to effector units 
One consequence could 
the steering 
unusual 


tems, 
inhibits the weaker. 
be that both hands would leave 
wheel, a somewhat dubious and 


maneuver. 
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This example shows that a parallel system 
; ? ding to Assumption 3 
operating just according pan aeter 
fails to ensure that at least one action sy i 
can control all the effector units it requires. 
Yet unless this condition is realized, no satis- 
factory action can ensue, Assumption 4 is 
added to solve this problem, as the input to 
an effector unit from the dominant action 
system will now be much stronger than other 
inputs. It would also avoid the potential 
Cybernetic problem that some action Systems 
might not be physically independent in the 
brain. The second part of Assumption 4 js 
derived from ideas on lateral inhibition in 
Sensory systems (eg. Ratliff, 1965) and 
those on inhibitory requirements of cell as- 
sembly theory (Milner, 1957). It also re- 
moves the necessity of having a Separate 
System which selects Which action System is 
to be dominant; the two functions of selec- 
tion and operation can be performed by the 
Same system, To Prove that it is sufficient to 
uired property of always a]. 
lon system to be dominant 


very much simplified formaliz 
teraction of act 
required Property, is given in the Appendix. 

Tt is now possible to differenti 


5. An action system h 
inhibit all other action 
come dominant; 


as the Capacity to 
systems sufficiently to 
an effector unit does not, 


This would not require à dichotomy of 
amounts of inhibition that can be produced 
by systems, With a continuous range of 
amounts of inhibition, Systems only produc- 
ing à very small amount would 
capable of becoming domin 
activity in other systems, 


never be 
ant given normal 


6. An action System can hay, 
tory types of input, that necessary 
ongoing operation (specific input) and that 
necessary to activate it and set į 
lector input). The selector ir 
from either perceptual or mo 
tems or other action systems, 


€ two excita. 


üput can come 
tivational sys- 
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ae m- 
For a routine to be entered in progra 
ming, the main program must set a E 
of variables and then use an ue These 
which passes control to the y ne ai 
variables will determine how the p r action 
erates on that particular entry. I ed way, 
systems to operate in an a BE set its 
other Systems must activate it ^". selector 
goal; these are the functions of ios call for 
input. By contrast, a routine d: this 
further input of data while De he differ 
corresponds to the specific input. tenni EE 
ence between these two types of ny For 
noted for skills by Bernstein GI ie the 
instance when reaching for an i end 
visual and kinesthetic input which ae A 
an estimate of the position and year, that 
the hand has a different FOO ee el 
input producing the initial object rec ‘will be 
which determines what action ah ai 
Most strongly activated and what E. spe- 
be on that particular operation. . the con 
cific input, then, is required for | c yati- 
tinual estimation of rapidly es the 
ables necessary for the operation differ 
action System; the selector input, for ration 
entiating between this particular ope a 
of the action System and others. The it wi 
ory requirements for the specific EID ction 
normally be small, and insofar as sain it 
system can be modeled by a linear sy oe 
will be zero, The selector o» » if the 
must clearly be stored in a memory edet de- 
goal and activation of an action sys animal 
pended on continual input, then an 51 
could not even turn away from its $ 
achieve it, nly the 
It would seem possible that o charac 
amount of activating boost and c main 
teristics of the goal would need to ut that 
tained in the memory; not the a he 
gives rise to them. However cons stop i! 
example of braking to an Luar eee jeve! 
à car. The goal of this action is at down 0? 
to have one’s foot pressed as firmly level. it 
the brake ag possible. At anaie le, vet 
is to stop the car as quickly as possib d must 
what is done after the car is stoppe d eve? 
depend on why the stop was ie js n? 
if the perceptual input that initiated ary 
longer Present. Thus it seems necessé men” 
the initial Selector input to be stored in 


ee eee 
ene 
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or 

= j^ rA E goal of later action systems 

storing - here would. be no point in 

Geese e specific input for this purpose, 
is specific to the action system. 


7. WI : 
M e an action system becomes domi- 
» Its selector input is stored in a memory, 


SO that j 
input. it, too, can act as a later selector 


Fi 
etc humans, at least some action 
and havin be capable of being activated 
otherwise s ie goals set by speech input; 

us ert could not influence action. 
ector input pis eie one form of se- 
need satisfied ^ imilarly in order to have a 
Possible to x » another person, it must be 
What action sanam by means of language 
Some actio 3 stem is dominant (at least for 

n systems), and what 15 its goal. 


E: pot system exists with both input 
another fo aspects. As input, it can produce 
tacts as tm of selector input. As output, 
Olizing a nondominant action system sym- 
hich action system 1s dominant and 


What js its goal. 


EMPIRICAL TESTING 


It is aj 

Fel to test complex information- 
tions, Ve theories using input-output rela- 
volves a be a test of the present theory m- 
Most A Nee other than complexity. For 
units Te rean DO theories, the 
testing ferta in advance. For example, 

orton's (1969) *"Jogogen" theory 


dep 
en . 
ds on the reasonable assumption that 


o 
a Py in the language there corre- 
can be 5 ogogen. Thus, Morton's theory 
own Pa With its units—the logogens 
he pres 1 advance from other sources. For 
tems. ent theory, the units—the action sys- 
diction t be established in this way- No 
Skil] arc of action systems exists. Since 
Ze eit ia SURE competence does not stabil- 
dividuare Over individuals or within an in- 
al’s life, unlike language competence, 


the Gare 
ë prospect of a dictionary seems 


h 
Broach olem of empirical testing is ap- 
theory of two ways. It is shown that the 
Tic ers an answer to certain known 
€s for existing theories. Second, 
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one situation is examined to show that the 
theory could be corroborated more closely. 
if appropriate assumptions about action 
systems are made. 

Two widely held generalizations have been 
implicitly assumed in developing this theory. 
The first is that motor skills can be simulated 
in analogue fashion (e.g., Gibbs, 1970; Wie- 
ner, 1948). Bernstein (1967) produced evi- 
dence for the equivalent generalization that 
skilled performance can be fitted by a set of 
differential equations. The second is that 
thought can be partially simulated by serially 
organized computer programs (e.g., Arbib, 
1969 ; Miller et al., 1960; Newall et al., 1958; 
and in essence, Selz, 1922). 

The other widely held generalization 
about skill is the analogy between the ner- 
vous system and a limited-capacity informa- 
tion-transmitting channel. While no longer 
accepted in its strict mathematical sense, it 


remains a useful rough description of certain 


aspects of skilled behavior (Broadbent, 1971; 
Welford, 1968). On the present theory, this 
characteristic is deduced by considering how 
d on the first generalization, 
that is, motor skills being simulated in ana- 
logue fashion, could operate in practice, for 
the second generalization corresponds to As- 
sumption 4-—that only one action system can 
be strongly activated at any one time. 

Similarly it is widely held that thought 
cannot just be a serial process under control 
of a master program (Neisser, 1963; Reit- 
man, 1965; also Humphrey, 1951, for a criti- 
cism of Selz). On the present model, it is 
possible to deduce this nonserial character- 
istic from the way in which nondominant 
action systems can operate at the same time 
asa dominant one. In its simplest form, this 
corresponds to the way in which a simple 
task can be performed in parallel with a 
complex one. One can both walk and talk. 

More interestingly, the theory is able to 
account for those changes in dominance 
which would be difficult to explain in terms 
of a totally serial program. De Groot's 
(1965) application of Selzs theory of 
thought to chess is possibly the most de- 
tailed examination of the application of a 
purely serial theory. He stated : 


a system base 
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The more microscopically we examine the. phase 
Structure, the more we Come across rds Dio 
cesses and sequences that must be oe by an 
extensive series of fixed linkages. .Calcu ating a 
variant and working out a plan are, in fact, opera- 
tions which in any experienced player are com- 
pletely controlled by routine [p. 274]. 


Yet even he is forced to postulate insightful 
advances : 
In both thought processes [in two diffi 
cols] we are concerned with i 
dipity,” that is during routine calculations there 
may be a sudden coincidentally evoked means- 
abstraction with respect to the main goal [p. 278]. 


In the present approach, 
ceptual configuration 


erent proto- 
“calculational seren- 


a chance per- 


could so strongly acti- 
vate another action System so as to make it 


dominant. Such a possibility would become 
more likely, if two additional assumptions 
hold. First, that selector input can be in- 
ternally generated by inner speech or im- 
agery; second, that if an action system has 
not attained its goal, it will remain submaxi- 
mally activated even when not dominant, 


Towever the major point is that the present 
approach has this potential; a purely seria] 
approach does not, 


As an illustration of the w 


theory can be tested more di 
sumptions i 


ay in which the 
rectly, given as- 
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System may be dominant at 


mentioned above flow 
than one action 
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or lower leye] action Systems 
ne such situation appears to be that used 

y Posner and Keele (1969) eir sub. 
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NE he 
pendent of target size in the initiation Ad 
movement task, when its action system v i 
need to take in selector input and Ec E 
dominant. This is not just a arcis E. 
perceptual filtering, as shown by teri) od 
periments of Posner and Boies ( wich 
probe reaction time in perceptual n P veil 
tasks where response selection but no di 
ceptual encoding is found to ance in 
ing. To account for the other varia vement 
slowing over the duration of the me € 
task would require more detailed as uc. 
tions about the change in activation ai 
time of the dominant action poen the 
particular the interaction of this w 
requirements of the task. 
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Our mental concepts could not m van 

it not for the Structure of the iine" m ol- 

"Smell" depends on the existence ? ex the 
factory System; "image" depends 


. $ higher 
possibility of internal input to E is held 
levels of th 


that. similar resent 
the concept "consciousness." In the p : 
information- 
set of relati 
Operations 
the 
System, 

action sys 
of the +. inp"! 
: It is suggested that this inpt 


in 
:onsmesss 
Corresponds to the concept ae Thus: 
the mental-state sense of the word. 


action 
When one is conscious of X, a certain aie 
system is receiving selector E as the 
represents X. The selector input tivatior 
dual functions of (a) providing the ac 


that en 


cious” 
to the one 
Cording to 


Person apt for bringing about a Ce! 
of behaviour [p. 82].» the 5€ 

consciousness i. identical with stem | 
" : . i sy? 
lector Input to the dominant action sy 
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the sense that a section of a DNA molecule 
's identical with a gene, then one should be 
able to demonstrate corresponding proper- 
tles of the two concepts. 
- d states, with the possible exception 
ions like “free-floating” anxiety, have 
ho held by philosophers since Brentano 
" S es np ome the property of intentionality, 
Stron S RN themselves, to use Arm- 
mimio ( Ja SN PLESSION,) A percepti, <a 
The s ke intention are all of something. 
" n input, too, points beyond itself, 
System ng used to form the goal of an action 
m, 1t refers to only a part of the world. 
iur MUN can also explain the different 
m ds conscious content. Some are obvi- 
io eae a percepts would correspond 
tem; int or inputs from the perceptual sys- 
B vu entions would be selector inputs from 
s ma dominant action system. The 
ated jo correspondences are those re- 
Be Bud tke of conscious content. Since 
at the oriri bn only requires selector input 
ate vibe e of its operation, it can oper- 
© the p or no selector input. As known 
ürzburg school (see Humphrey, 
tre Las whole of the solution period ofa 
scious it not necessarily filled with con- 
one is — Moreover, it explains why 
With th s Conscious of processes connected 
aliva = ower levels of skills, as these would 
ges directly controlled by never-domi- 
Why d units. It also helps to explain 
Belong ih initially performed under con- 
eu control, can be performed later without 
t ous control. If one accepts the idea 
ET learning a skill involves the formation of 
neural system of increasing redundancy, 
eh Initially the corresponding action system 
ould require maximum activation ; with 


practice it would function satisfactorily with 
Ss, 


The 
terms 
Scious 


Present approach requires that mental 
in phenomenal reports refer to con- 
observable: Since conscious states are un- 
de Impossil is pot be argued that it would 
"his SORS JE a child to learn such terms. 
Servable eta i plausible if the unob- 
Consistent tata ne Mot have a relatively 
Skinner (1957 onship with observables. 
of how such Uum a series of examples 

arming could occur, if there 
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is a consistent relationship; these examples 
are not critically dependent on his general 
behavior theory. In the model, relatively 
consistent relationships exist between con- 
scious states and observables—the relation, 
determined by the perceptual system, be- 
tween a stimulus and the selector input and, 
more importantly, the control relationship 
between selector input and action. While 
the detailed processes by which mental terms 
attain their complex — context-dependent 
meanings are poorly understood, such mean- 
ings do not seem to provide difficulties in 
principle for the present approach. 


Discussion 


It has been argued in this paper that con- 
sciousness is a scientifically acceptable con- 
cept, as it refers to a particular type of brain 
process and can be mapped into an informa- 
tion-processing concept. This also applies 
to phenomenological terms such as “percept” 
and “intention,” if used in the appropriate 
context. It has not been the aim of this 
paper to provide a complete account of con- 
sciousness, as the model besides being in- 
complete, is highly tentative, as the problem 
of empirical corroboration remains severe. 
Moreover, the cybernetic arguments depend 
on the acceptance of computer programming 
analogies and on the use of loose criteria such 
as the ease of neural construction. The in- 
completeness of the model is shown by no 
correspondence being given for many types 
of experience such as the consciousness of 
relation or doubt or expectation. Nor 
have aspects of consciousness such as the 
complexity of conscious perception been 
considered. 

More serious, perhaps, is that the model 
appears to give no account of certain per- 
ceptual types of consciousness seemingly un- 
related to action, such as noticing a color or 
seeing someone's face you half recognize. 
One possible explanation is that an action 
system. exists which maximizes perceptual 
input from a part of the world determined 
by its selector input, combining both motor 
movements (e.g. eye movements) and re- 
setting of the perceptual system. This pro- 
cess would fit with the orienting response and 
is analogous to Dixon's (1971) suggestion 
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that when a stimulus comes into conscious- 
ness, the “gain” of those perceptual systems 
relevant to it are increased and of irrelevant 
ones inhibited. Here, a phenomenological 
fact could be accounted for by extensions to 
the model which are related to ideas already 
in the literature. It illustrates the way in 
Which, if the general correspondence theory 
is correct, properties of phenomenal experi- 
to help develop informa- 
tion-processing ideas. 

The major point of the paper, however, is 
not to argue for this Specific model, but to 
attempt to demonstrate that a model can be 
developed with an element isomorphic to con- 
Sciousness, isomorphism makes 
comprehensible how Consciousness, a concept 


fine using 

ordinary language, or even to show, can be 

i onceptual framework. 
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APPENDIX 


What is rece: 
hibition ber, USE is to show that mutual in- 
Produce th Ween action systems is sufficient to 
action ésta desired dominance property. Since 
mathemati ems are neural systems, the obvious 
Ever Benai. to use is neural net theory. How- 
al net theory is notoriously intractable 


appli tal 
1963). ied to complex networks (see Griffith, 


A relatively simple mathematical formaliza- 
tion of the system can be obtained which is 
tractable and, for one isolated action system, 
approximates to Griffith's (1963) results for 
the behavior of a single purely excitatory net. 
This is to describe the behavior of a system of 7 
action systems by the following set of equations: 


ax; + by; — oR, s)—e 


jsi 
dyi _ s dy; 
aE if yi» 0 or 520 i 
P dy; 
0 f 4; = 0 and 55 
if y 0 and di > 0 


where s;= max (y;—d; 0) and a, b, c, d, e 
are constant and positive. 

In these equations, y; (nonnegative) repre- 
sents the activation level of the ith action sys- 
tem, a; represents its selector input, and s; 
represents its contribution to the inhibition of 
other systems. If one assumes that c > b (ie; 
inhibition is the more powerful at high levels of 
activation), and that if after a certain point in 
time the selector inputs are constant and at least 
one is greater than some critical level, then it 
follows that one and only one of the action 
systems will have an activation that will in- 
crease rapidly and continually. In fact this is 
a formalization of the mutually inhibitory inter- 
action of a system of pure excitatory neural 


but the dominance relation should be ro- 


nets, 
ng the opera- 


bust enough to survive complicatir 
tion of the individual interacting elements. 
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ntingent reinforcement is neither 
perant learning. This dilemma 
It is proposed that what labo- 
a response to a stimulus but 
of expectancy (S-S*) corre- 
i 1s-outcome contingencies, 
ation of response-outcome 
permits both kinds to 
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We begin by surveying some of d 
culties currently confronting arbos some 
ment concept. Then we consic e finda 
alternatives to reinforcement ss the pecific 
mental basis of learning. Two s ntive 
alternatives will be considered: an ea ap- 
motivation approach and a rede 
Proach. Some of the potential ac ne ap 
and difficulties with these a ae us 
proaches are described. But firs ame te 
Justify this undertaking by noting s thetica 
cently discovereq failures of the nyoa wha 
reinforcement Process to account 10 
ppens in certain learning situations. 
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it jon oe can fail to operate when 
sent the a also are cases which pre- 
are situations p bec „That is, there 
new aie : Ww nas an animal acquires a 
forcement Es o readily—before the rein- 
Posed, Sache ure can be effectively im- 
inforcement ossa iis that the re- 
earning n pecie is not necessary for 
absence of ile» earning can occur in the 
cess. These ete reinforcement pro- 
US consider are very illuminating cases. Let 
detail, some of them in a little more 
Superstition 


Superstiti 

erstitiou x 
S behavior 

Served when havior 

on 


dep, 
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an animal i ià Sue "y 
a schedule, neti is provided with food 
endently of its | as once a minute, in- 
a relnfore S behavior, In the absence 
Nothing the S rine contingency, there is 
relax and umal has to do; it could simply 

vait for the inevitable arrival of 


: ah the reinforcement will be re- 
homogeneo once such behavior starts, 
xi E chain of it will be built 
i 5 Therefore m the time of reinforce- 
-> Not contin » even though reinforcement 
Morcement j wm upon this behavior, the re- 
Orcement eri can still assume rein- 
“havior that € effective in establishing it. 
ea at first to be anoma- 

ing 1 €ctiveness of as yet one more sign of 
earning, Thi reinforcement in produc- 

stiti b us reinforcement account of 
Xehavior has stood virtually 
Since Skinner first proposed it 


Moree, 


a ong 
Up 


Staddo 
alysis 
however 
b lenom 


an A = Simmelhag's (1971) recent 
s thal ee ABB behavior indicates, 
enon is ins 2 aditional account of the 
1 Sy report th: adequate on many counts. 
Jehavior oc mat there are two classes of 
Interval, ncn during the interfeeding 
Inforcement He class occurs just prior to re- 
the food lie: it tends to be directed toward 

Topper, and it resembles in many 
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respects the behavior which accompanies 
feeding. Moreover, reinforcement appears 
to be effective in producing this behavior 
near the end of the interfeeding interval. 
But there is also a class of what Staddon 
and Simmelhag call “interim” behavior which 
appears to follow other laws. Tt is topo- 
graphically different, functionally different, 
and also different in the sense that it does 
not appear to be related to the upcoming 
reinforcement. The occurrence of the two 
classes of behavior appears to be governed 
primarily by the temporal relationship with 
reinforcement, that is, by whether or not the 
time intervals in which they occur are pre- 
dictive of food. Thus, superstitiously rein- 
forced behaviors occur in the interval imme- 
diately preceding food, and interim behaviors 
occur during time intervals correlated with 
the absence of food. Therefore. interim be- 
havior is isolated from any reinforcement 
first by lack of contiguity, and 
more importantly, by the intervention of 
other behavior. Thus. it cannot be merely 
part of a chain of responses which is super- 
stitiously reinforced. 


mechanism, 


Polydipsia 

A similar case can be made against a re- 
inforcement interpretation of the excess 
drinking which occurs when rats are given 
food on fixed-interval schedules. This poly- 
dipsia has been extensively studied in the 
past few years and we now know of a num- 
ber of parameters that encourage or dis- 
courage its occurrence ( Falk, 1969). Al- 
though there is still no completely adequate 
thesis to explain this excessive dr ink- 
lear that the behavior is not just 
maintained superstitiously. One reason = 
this conclusion is that just as Staddon and 
Simmelhag found for the interim behavior 
occurring in the situation they studied, the 
drinking never immediately precedes rein- 
forcement. Therefore, there 15 no way in 
which the behavior could have become 
chained to bar pressing or other previously 
reinforced. behavior. Actually the drinking 
appears to be elicited by the previous eating. 
Here we have a second example of behavior 
which appears superficially to be due to re- 
inforcement but which further analysis shows 


hypoth 
ing. it is C 
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is not. Rather, it appears to occur because 
the animal is hungry and expects food but 
the immediate cues in the situation predict 
the momentary absence of food. 


Misbehavior 


The reinforcement Procedure can be used 
So successfully to establish long chains of 
unusual responses that we have come to take 
such applications for granted, Sometimes, 
however, these to work, 
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gradual Shaping process ordinarily ta ls ani- 
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automated Programming apparatus sona 
busily making the required operant re kins 

€ recent Study by Brown and Je sy- 
(1968) showed, however, that a lot i their 
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the key-peck reinforcement contingency time 
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Upon the animals’ behavior). After e direct 
on this Program, a bird is under the ap- 
control of the automated i og. Ne P 
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Brown and Jenkins’ finding by om ment 
not Pose a serious challenge to a ge the 

Cory because it could be argued tha rant 
key-peck response has a very high age 
Tate in the hungry pigeon. Since any ? 
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| evidently ire s reinforcement contingency 
Stitt elevant in such cases. f 
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dental key pecks 
Contingency has a 
upon the behavior 
quickly, 


are reinforced, the basic 
good chance of operating 
nem "a establishing it rather 
sumably be ie "" auto shaping could pre- 
key interesting ma insured by making the 
it, and by a me example, by illuminating 
Sie. Bub a SEITE 3E close to the food hopper, 
demanded i khai: interpretation is 
lever ME. illiams and Williams’ (1969) 
Ment. Tn q pn of the auto-shaping experi- 
livereq fron rely study, free food was de- 
he bird’s een to time independently of 

orcement iub "cd but the key-peck rein- 
Actually, w1 ngency was made ineffective. 
the next s nenever the bird pecked the key 
delayed, pig c presentation of food was 
“ould have Williams and Williams’ birds 
JY not res Meise: food more frequently 
in spite oe than by responding. But 
m orcement, hag ae correlation with re- 
pecking response became 


So firm] , 
high p Y established and occurred at such a 


ate th 
at s Bi seas 
Tom all Doce animals cut themselves 
ü Neuringer POT reinforcement (see 
hac : Ri 
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Setting behavior, pecking in this 
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ra TN by Moore (1971). 
thy a ed high-speed analyses of 
the key-pecking response 


eating is an iso- 
thi e e Deck with the beak parti- 
whe drinking r seizing a morsel of food; 
D taking wat €sponse (the pigeon is unique 
rather than į RO the same way mammals do, 
Sists of a EM typical avian manner) con- 
Mumbling kei. of brief gentle nibbling or 
i key-peck ctions. Moore found that when 
the atttd-shagine aire became established in 
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tory response B. appropriate consumma- 
Situation the k Je concluded that in this 
ike a classi ey-peck response looks more 
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response than an operant. We suddenly have 
the specter of what must be the single most- 
studied operant response not being an oper- 
ant and presumably not being acquired by 
operant principles ! j 

Each of the cases that have just been con- 
sidered illustrate an animal learning—or not 
learning—some response in spite of the basic 
law of operant learning, that is, the empirical 
law of reinforcement. But even though the 
animal's behavior does not abide by the law 
of reinforcement in these cases, it is none- 
theless lawful. The behavior is not capri- 
cious; it actually demonstrates a remarkable 
consistency. In each case the observed be- 
havior is specific to the given species, and in 
each case it is specific to the given motiva- 
"Thus, the hungry rat looks and 
behaves like a hungry rat whether or not it's 
behavior is governed by response-contingent 
Breland and Breland's hungry rac- 
and dipped its food tokens just 
Staddon and Simmel- 


tional state. 


food. 
coon rubbed 
like a hungry raccoon. 
hag's hungry pigeon behaved like a hungry 
pigeon—it scratched, pecked, cocked its head 
this way and that, and pecked at interesting 
things ‘in the world around it. Moore's 
pigeons behaved as though they were literally 
eating or drinking the response key. Thus, 
even though these different behaviors failed 
to be governed by the law of reinforcement, 
they appeared to follow a higher law: In each 


case the animal acted as an animal of its 


species acts when it expects food. 
apparently also ap- 


The same general law 1 
plies in those cases where a reinforcement 


contingency iS effective in controlling the 
animal's behavior; that is, in the great bulk 
of situations that have been studied in the 
laboratory. For example, if we train a rat 
to run down an alley for food, we are likely 
to find after a few trials that it gives many 
signs of eager expectancy. It greets us 
eagerly when we jnitiate a trial; it eagerly 
pushes at the start-box door ; it eagerly runs 
down the alley overcoming all obstacles and 
being frustrated by all delays along the way. 
There is nothing extraordinary OT magical 
about such behavior. Indeed. it seems to be 
characteristic of all learning situations. 
Guthrie (1935) and Hull (1931) attributed 
such behavior to the same learning processes 
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which they hypothesized to explain the run- 
i nse itself. " 

(ace expectant, or anticipatory 
behavior has hardly ever been studied in is 
own right. It has been typically regarded as 
little more than a by-product of the primary 
learning process. This second-class status 
would seem to be rather mappropriate in 
view of the ubiquity of expectancy effects, 
There is evidence that the animal expects 
food in those cases where reinforcement fails 
to work as well as those cases where it does, 
One purpose of the present paper is to ele- 
vate this idea—that animals can anticipate 
important events such as food and electric 
shock—to a first principle of learning. Be- 
fore proceeding with this development, how- 
ever, let us look at another area of 
learning where the a 
ment principles h 
successful, 


animal 
pplication of reinforce- 
as been something less than 


AVOIDANCE LEARNING 


Avoidance learning has Proved to be a 


perennial challenge to learning theorists. 
The chief Problem it poses at the present 
time is that a reinforcement interpretation of 
avoidance learning appears to be much more 
believable for Some avoidance responses than 
it is for Others, For example, a Variety of 
Studies have attempted to assess the im. 
Portance of CS termination jn avoidance 
learning, and it has been found that while 

termination is relatively effective for 
Some avoidance Fesponses, such as running 


m a shuttle box, it makes little contrib 
to the acq 


> bo ution 
Iuisition of oth 


mination no 


r 
1972). A further oy cate D 
with different avoidance respons 
traditional reinforcement ontingency that 
is, CS termination, appears to have the least 
effect in those situations y 


vhere th 
ance response is most rapidly acquired, 


Thus, in one-way avoidance, which is ver 
rapidly learned by the rat, there is little ef. 
fect of CS termination or even the use of the 
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CS as a warning stimulus. The rat persoan 
quite well without any CS. Tius i one, 
seem reasonable to claim, as S Gee oe 
theorist might, that CS termination a voids 
narily the source of reinforcement for aN Joes 
ance learning, but for some reason it d 
not work in some situation: T - 
Essentially, the same situation a cape 
found for the contribution of shack es 4 Tk 
to avoidance learning (Bolles, ae af 
contributes importantly to the ne: ie oe 
some avoidance responses and has. ee 
no effect upon the acquisition Ob Te me 
Thus, the fundamental problem al ese 
inforcement theorist is that when pe 
experimental procedures that Sannio situ- 
made a part of the avoidance i none O 
ation are experimentally isolates Pa Tä 
them appears to have a epu e ce learn” 
predicting the outcome of an avoid oni not 
ing experiment, it is necessary to cim are, 
only what the experimental pest ier of the 
but also what response is Eq ome’. n, this 
animal. As an empirical generalizane d un- 
conclusion leaves us in the peculiar oe 
Settling position of having some dhers not, 
learnable by a given animal and o rist in 
and it leaves the reinforcement theo g his 
the uncomfortable position. of — ef- 
allegedly universal laws of reinforcer tive in 
fective jn some cases and not effec 
others, r argue 
One way out of the puzzle d n te 
(Bolles, 1970) that avoidance leat i ‘hut B 
not require a reinforcement ne be- 
based on an animal’s innate defens restrict 
haviors, All that is required is to ; ;ecific 
the animal's behavior to its spiri an 
efensive reactions and then posten 
avoidance contingency to punish ve the 
ate defensive reactions, To Mea tha 
argument, consider the rat and suppo 


in avoidance 
? Another failure of reinforcement. a CS termi 
behavior is found in extinction. While idance be- 
nation can help maintain established As true only 
avior (Katzev, 1967), this appears m total ab- 
Under certain special conditions, Vh the ani- 
Sence of further shock. Whether or reinforcing 
mal has the advantage of the presumed eet i 
effects of C termination accounts d differen 
of the total Variance over the range © e 


es, Moot, 
Possible extinction conditions (Bolles, 
Grossen, 1971) 
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the rat's only defensive reactions are freez- 
ing and running away. Then if the experi- 
mental situation is arranged so that running 
away is an acceptable avoidance response, 
all that is needed to produce this behavior is 
to punish freezing. Such punishment is con- 
veniently effected by the occurrence of un- 
avoided shock. Under these conditions it is 
not necessary to train or reinforce running 
away. The learning which occurs under 
these conditions is parsimoniously explained 
without any reference to reinforcement. The 
pios is already there, and will occur if 
er response, freezing, is punished. 
ow rapidly an avoidance response is learned 
me a this view, a function of how com- 
“peties he response is with the animal's 
S-specific defense reactions. Thus, if 
von i is required to learn a response 
1 is not in its repertory of natural de- 
EDS reactions, then we can expect slow 
“arning and poor performance. On the 
drin hand, if the animal is required to learn 
: Sponse which is part of its natural de- 
Ss Tepertory, then that behavior should be 
: ptly acquired. 
Wilt of ene parallel between this interpre- 
lan is avoidance behavior and the conclu- 
ine drawn about the failure of 
ease, th ement in appetitive situations. In each 
Situation animal comes into the experimental 
havior n with certain species-specific be- 
lim Si food-getting responses on the one 
^ eae defensive reactions on the ema; 
atima Cases, the chief effect of putting the 
Produc in the experimental situation as = 
ood im an expectancy; an Mu a 
shock 1 the one instance and an doe 2: 
its e i the other. The animal then gives us 
Sponge teristic behavior ; food-getting a 
ceeding or defensive reactions. | eg es 
eae T with the systematization je en 
or " et us look at some alternative sc iim 
ed m. PON or eliminating the hypotheti- 
€ of reinforcement in animal learning. 


INCENTIVE Motivation MODELS 
The 


monly ase forcement procedure is com- 
kinds of Ae es to have two quite different 
rect aa ign effects. One is the di- 
tingent ee Ive strengthening of the con- 

Sponse through reinforcement; the 
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second is an indirect, motivational effect 
produced through some kind of “second pro- 
cess." If an animal is given food for running 
down an alley and into a goal box, the pre- 
sentation of food is said to reinforce running 
and also to attach incentive motivation to 
whatever stimuli are near to or similar to the 
goal box stimuli, so that the animal will run 
faster whenever these stimuli are subse- 
quently presented. Moreover, ií a lot of 
incentive motivation is attached to one cue 
by giving reinforcement in its presence, and 
if none is attached to a second cue by with- 
holding reinforcement in its presence, we may 
have an animal choosing or approaching the 
first cue, or responding more vigorously to 
it, even though there is no difference in the 
associative strengths of the responses 
evoked by the two stimuli. 

Thus, the idea that incentive motivation 
can be differentially associated with different 
cues accomplishes much of the same con- 
ceptual work in the learning experiment that 
reinforcement is supposed to accomplish. A 
natural question then is the extent to which 
a change in response strength generally re- 
flects the effects of associative strengthening 
and how much of it is attributable to changes 
in incentive motivation. Mowrer (1960) 
was one of the first to take the fateful step 
of attributing all of the response-strengthen- 
ing effects of the reinforcement procedure to 
incentive motivation, leaving none of it to be 
explained by associative strengthening per 
se. According to Mowrer, one reason the 
incentive mechanism is such an effective 
mimic of the reinforcement mechanism is 
that the proprioceptive feedback from the 
response that leads to reinforcement is itself 
paired with reinforcement. Then whenever 
that response begins to occur, its own feed- 
back will provide incentive motivation for 
its continuance. If the incentive motivation 
is positive, there will be a positive feedback 
loop which causes the incipient response to 
appear in full strength. If, on the other 
hand, the incentive motivation 18 negative, 
then the feedback loop is negative and the 
incipient response is inhibited. 4 

Following Mowrer’s example, other writ- 
ers have noted the peculiar redundancy in 
the variety of concepts that are used to ex- 
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plain learned behavior. As Walker aig 
puts it: an instrumental response is first a 
all pushed by whatever drive conditions may 
exist; it is also pulled by the animal s antici- 
pation of reinforcement (incentive molva 
tion) ; it is also determined by the structure 
of the learning task (the S-R association 
itself) ; finally, the response is glued to the 
stimulus by virtue of reinforcement, W alker 
observes that we have no need for all four of 
these explanatory concepts, and the one he 


Proposes to give up is reinforcement, 
(1969) has 


procedure is assumed to 
no direct effect On responses, 


lishes incentive cues, 
also suggested that leart 


have 


essary. Logan 
incentive motiv. 


rs appears 
principles of incentive motiva- 

i atory power that 
les of reinforce- 
1 can explain any- 


can—and more 


. The Previously described failures of re- 
inforcement to contro] behavio 


to ; — avior all presented 
a characteristic motivation appearance 

or example, we may think of Breland and 
Breland s misbehaving raccoon as having so 
much incentiy, ivati 


ior other than 


away. In each case, the 


these 


; 
ative on the other, 
tivational 


phenom. 
ational inter 


pretation 
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m uo 
of the reinforcement procedure pue 
have greater generality than the origi ir “a 
sociative strengthening interpretation appli- 
inforcement. That is, it appears to be ap 
cable to a broader range AMA M 
Incentive motivation models have cisting 

virtues to recommend them. But = One 
models also present some e qnd otitis 
Problem has been frequently noted as a It 
cism of Mowrer’s (1960) per ge 
is asserted that Mowrer’s analysis is in- 
open the question of how — incipi- 
itiated. Thus if the feedback from ie moti- 
ent beginnings of a response serves unt for 
vate its occurrence, then we can re response 
the probability and the vigor of the amet 
but how are we to explain its ee must 
would appear that situational rime con- 
have some minimal amount of associat! get it 
trol over the response, just enough Lud. the 
Started. But if this is the case, t which 
concepts of habit and reinforcemen ut the 
Mowrer so ceremoniously aan ed in 
front door would appear to have S Pi um- 
the back door, Bindra (1969) fiag pe in 
vented this problem by postulating ngoing 
addition to Providing motivation for » fixe 
behavior, Motivating cues also elici tation 
action patterns of approach or Der dine 
The real question here is whether on ex 
tive Motivation simply operates up ii 
isting response tendencies or sin is, the 
Credited with associative powers, tha lassica 
Capacity to initiate responses. The cic Hull, 
treatment of incentive motivation Co Prot 
952; Spence, 1956) gave ita purely lied the 
tional role such that it simply ir 
habit Strengths of ongoing wem 
this assumption clearly can be justifi ates ? 
if there are other associative determin ich 4 
ehavior ; that is, some mechanism, ore 
the reinforcement of S-R ng et gl 
give behavior its directionality. MAD d in- 
is necessary to follow Bindra and £ 


^ fiin 
: T , sponse-elicitin® 
Centive motivation specific respo; 
Powers, 


Recent wr 


s 2 

; : ive 1 

ulate about the mechanisms of auge clas 
vation, and one Must refer again to t i 


tangi?” 
models of Hul] and of Spence for FOR works 
Proposal of how incentive motivatio ation 3° 

NE Classical mo 1 


only 


ec- 
" to spe 
Iters have been reluctant oti- 
sic 


` " otivi 
del of incentive m 


REINFORCEMENT, ExPECTANCY, AND LEARNING 


b 
| ux on three theoretical a 
nat was just 


i umptions. One 
Pod UAE is that incentive 
existing. ie E ator, that is, it multiplies 
assumed to 1 Lao Ithough incentive (K) is 
is elicited : be irective in the sense that it 
poses the d ae eae stimuli and predis- 
summatory rec to make particular con- 
mental odis oe ons its effect on instru- 
genera] a is nondirectional. K is just 
have selecti, Pi that it is assumed not to 
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tivation : masses concept of incentive mo- 
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ame uer dmecs operation because it has 
i Recent a S-R character. How- 
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Neither the | (1967), have Shown that 

; hypothetical appetitive mediator 
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nor PM ; s 
put ir the aversive mediator (re) can be 
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tempts i s peripheral. response. The at- 
autonomi, Measure salivation or some other 
uced 2 Concomitants of hunger have pro- 
tempts i5 best, equivocal results. The at- 
nomic pst heart rate or other auto- 
thoroughi eS ama of fear have been 
Concluded that , heartening. It can only be 
33 the idea wi ar OMPORS and attractive 
Motivat; 3 mediation of incentive 
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: The third assumption upon which classical 
incentive. motivation theory rests is that 
whether we can observe it or not the medi- 
ating response, 7, or fe, is acquired by a pro- 
cess of classical conditioning. Although a 
few writers (e.g., Spence, 1956) have con- 
sidered other possibilities, most theorists 
seem to have accepted this assumption. The 
difficulty here is conceptual rather than em- 
pirical. The assumption is based on the 
same kind of failure to distinguish a learning 
procedure and a learning process that was 
discussed at the beginning of this paper. It 
can be granted that the reinforcement pro- 
cedure works, at least some of the time, but 
does it make sense to say that operation of 
the reinforcement procedure can be ex- 
plained by means of a Pavlovian process 
when the only evidence for a Pavlovian pro- 
cess is that the Pavlovian procedure works, 
at least some of the time? To put it another 
way, the only evidence for a Pavlovian learn- 
ing process is that the Pavlovian procedure 
does sometimes affect behavior, but there is 
no more a priori reason to believe that this 
is brought about by a Pavlovian S-R 
strengthening process than to believe the 
original idea that instrumental learning is 
brought about by a Thorndikian S-R 
strengthening process. 

Thus, the three assumptions upon which 
classical incentive motivation theory is based 
can all be challenged. And whereas no one 
of these difficulties taken by itself is likely 
to prove fatal to the theory, it should be 
clear that the future success of this kind 
of explanatory model will require a notable 
departure from the classical incentive motiva- 
tion model originally formulated by Hull. It 
should also be clear that a classical incentive 
model cannot replace a reinforcement inter- 
pretation of instrumental learning; it can 
only supplement it. One alternative model 
has been suggested by Rescorla and Solomon 
(1967). It can be best described in terms 
of an illustrative experiment reported by 
Rescorla and LoLordo (1965). Dogs were 
first trained to stable avoidance performance ; 
then they were trained with a Pavlovian pro- 
cedure in which a CS was inevitably followed 
by shock; then they were returned to the 
previous avoidance situation and the Pav- 
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loran CS was intraduced briefly to deter- 
mine its effect upon the previously estab- 
lished avoidance response. The CS had a 
marked facilitory (motivating) effect. Res- 
corla and Solomon’s (1967) review of the 
literature indicates that we cannot accept the 
old idea that a fear response had become 
classically conditioned to the CS as a result 
of the Pavlovian procedure. How then are 
we to explain the motivating effect of the 
CS? The answer proposed by Rescorla and 
Solomon, and subsequently endorsed by 
other writers (e.g., Bolles & Moot, 1972; 
Trapold & Overmier, 1972), is tl 
mals did not learn a mediating response in 
the Pavlovian Situation; they learned the 
predictive relationship. between the CS and 
Shock. Then when the dogs were returned 
to the avoidance situation, the CS again pro- 
duced an expectation. of shock and they 
tended to respond as they would to such an 
expectancy, that is, by making the learned 
avoidance response. 

The key point in Rescorla and Solomon’s 
analysis is that the Pavlovian procedure— 
or any other procedure in which classical 
conditioning is hypothesized to occur—pro- 
vides the subject with an Opportunity to 
learn about the predictive relationships be- 
tween environmental events. In effect, ani- 
mals cannot only learn responses to stimuli, 
they can also learn expectancies, Perhaps 
it is these S-S expectancies, rather than me- 
diating responses, that provide the basis of 
incentive motivation, 
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prior assumption of an S-R unit. 1 develop 
In the remainder of this paper F aul 
the idea of expectancy in the light ^ mode 
experimental work, and I propose 7 Jeane 
based on the assumption that what is 
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in most learning situations is an exf 


Primary Law of Learning 


A learning situation is one ini 
Upon an animal new environmen la ption 
gencies, Learning consists of ac a can ac 
these contingencies so that the en this 
appropriately to impending events. ‘aspect " 
would seem to be the most basic “Yearning 
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other, biologically important even incidenti 
quences, (S*), “An animal aa learns P 
show new responses, but what : nd corte: 
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use by the animal. Expectancy 1$ 3 
name for this stored information. ; 
guistic rules for using “expectancy 
Sentially those in the everyday 
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Thus, it s 
i At eral eso to refer to the animal 
Particular 9 situation as "expecting" a 
Speak of the . Hs It also seems proper to 
sehe animal as having a particular 
expectancy Mec ai id situation. The 
not directly € = of course central; it is 
SS cat a servable, For the moment, I 
localization 1 to conjecture either about its 
extent it ipn the nervous system or to what 
ay be represented in conscious- 


ness, TI 
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late tales a immediate task is to postu- 

foaina so that expectancies cz im 
explain behavior, | es can be used 
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. The orde 
Mpose. 
Only 


d eap of the experimental world 
predictable E animal may include not 
contingenei sequences of events (stimu- 
tween tl d s) but also a contingency 
Srammeq Je animal's behavior and pro- 
be a iia ii That is, there may 
animals P rens relationship between the 
5 respondi, havior, R, and the consequences 
law ^ ing, S*. T propose as a secondary 
°Xpectaney ye that animals can learn an 
E fie cörrespgnis to this kind 
an learn R relationship; formally : animals 
and corres € expectancies that represent 
heir ries ond to the R-S* contingencies in 
Sether Ma gg These expectancies, to- 
9f wh 1 S-S* expectancies, constitute all 
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goal. By contrast, the experiments I ran 
typically involved events that are organized 
in time. One cue is followed by shock, an- 
other is followed by food. Accordingly, 
when my animals learn they are acquir- 
ing temporally organized information, and 
the expectancies described here embody this 
kind of information. In effect, Tolman’s 
animals were always “getting to” some ex- 
pected outcome whereas mine were typically 
“waiting-for” some outcome. This difference 
is a real one, no doubt, but it reflects pri- 
marily a matter of emphasis. The rat is 
probably able to learn and act in accordance 
with both of these kinds of expectancies— 
and probably others as well. 

The expectancies which Tolman proposed 
typically included a response term; they 
were given an S-R-S form. The animal 
expects a certain outcome as a consequence 
of responding in a certain way in a certain 
situation. This kind of element was a handy 
device to describe representations of the com- 
plex environmental contingencies in Tol- 
man’s experiments. But an S-R-S formula- 
tion clearly does not lend itself readily to 
iption of what animals learn in ex- 
no particular response 
a Pavlovian ex- 
Tolman (1949) 


nvolve con- 


the des 
periments in which 
is required, for example, in 
periment. Additionally, 
recognized that learning could i 
tents other than S-R-S expectancies, but he, 
as well as subsequent writers, has tended to 
attach different labels to them. Thus, con- 
tents of the R-S* form are often called be- 
liefs; Irwin (1971) calls them act-outcome 
expectancies.” These differences seem to 
reflect mainly verbal differences. 

There is à real question, however, of how 
many kinds of expectancy should be recog- 
nized. I have proposed two kinds to corre- 
spond with the two kinds of contingencies 
that are built into experimental situations. 
This strategy should provide a more flexible 
account of what is learned than the one 
S-R-S* kind Tolman appeared to rely on in 


4Estes (1969) calls them linkages. He suggests 
that learning can involve three different kinds of 
associative linkages: the traditional kind between 
cues and responses linkages between cues and 
outcomes, and linkages between responses and out- 


comes. 
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his early writing (e.g., unes beg ied 
out introducing the variety of kinds o yr: 
ing he distinguished in his 1949 paper, á 
further reason for having two kinds o E 
pectancies is that, as described below, they 


seem to be subject to somewhat different 
principles. 


Law of Performance 


Any theoretical account of behavior must 
embody some rule for translating what is 
learned into observable behavior. The fol- 
lowing is sufficient: Two expectancies of the 
torm S-S* and R-S* are "Synthesized," or 
combined in a "psychological syllogism” so 
that in the presence of the cue S the animal is 
likely to make the response R., 

Notice that this is not 
learning. Learning involy 


sition of the two expectancies that become 


synthesized. It is simply a statement about 
how expectancies produce performance, And 
it asserts merely that they do, 

here is a vital point here which needs 
some elaboration. The point was raised per- 
haps most dramatically by Guthrie when he 
made his famous remark that Tolman’s rat 
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res only the acqui- 
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| are any- 
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le S and the R 
ata. We can all 
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e the correlation 


the behavior. and 
ation incre; 


association ca 
at is an S_R 
other than a 
a postulated unobsery 

tisa mistake 
3e 


construct, 
tra event? 


merely the sa 
that constitut 
observe the 
tion, that is, we can all se 
between the situation and 
we can all see this corre] ase during 
the course of a learning experiment, But the 
S-R association has no more prior claim to 
explaining this correlation than an expect- 
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the S-R association explains em experti 
that it is postulated to do so. f cnerailaiee to 
explains movement because it is | | 
O SO. i eal 0 
i The great promise and i a a aplicill 
S-R associationism lies not in des vag an il 
of its semantics, for this oe of its 
lusion, but rather in the ne require 
syntax. Guthries own analys - molectt 
the ad hoc postulation of numero d muscle 
lar elements, internal stimuli, = assume 
movements, but these elements w 7 on theo- 
to combine in a simple S-R bonc correlation 
retically mimicked the pH In practice 
between the observable S and R. topie sez 
his analysis required a vastly ai the S 
mantics to preserve the simplicity be invoke 
association; Ss and Rs had to nit, habit 
after the fact. Hull’s associative nn 
preserved the simple S—R associé 
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embedded it in a more complex s; eser Và 
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in which the reinforcement pare illu po 
to control behavior. These peciit t a 
the important law of prior expect jreviow! is 
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learned or innate R-S* expectanci for relat” 
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cordance with t| 
the anim 
Pectane 
such 
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» ie law of performance, when 
al has learned a strong S-S* ex- 
= its behavior may be dominated by 
; ^ 4 $ » 
E es aem. R-S* expectancies rather 
; ^g W hich correspond to environmen- 
contingencies. 
rior ex - . 
"Ju pectancies impose constraints upon 
E : EM can learn. Sometimes an 
Cersei ay be constrained by a prior S-S* 
1 : | 
Heb], ( ete The innate fears described by 
tele ) are a case in point. Stimuli 
thought ut fixed-action patterns can be 
mmo. in the same way. But the most 
eXpectan as well as the most constraining 
example oe are of the R-S* variety. For 
» the hungry raccoon with a strong 


Wha 
anin 


getting responses. The fright- 
ena a freeze rather than press the bar 
actions. An animal may also have a 
learned R-S* expectancy that is 
an that which the experimentally 
| reinforcement contingency can pro- 
havior. = case, too, we will find intruding 
Particular] ntruding behavior should occur 
‘Unity for am the case of delayed oppor- 
!l rein expen behavior. In other words, 
cues (S (S*) is delayed in the pres- 
) that signal reinforcement, 
expect intruding or adjunctive 
to predominate. 


Ie o 
Can 


At thi 
t this poi : 
Sentia, . P9!nt, the cognitive model is es- 


st O p It is complete with re- 
ants f beha Postulated structural determi- 
Option ime But the model builder has 
ational e as always, of introducing 
lat such cepts because he believes 
ey ar concepts are convenient OT 

Xs are Ti eal Motivational 
ne ence and Oduced here for the sake © 
T x le e hope that they wil 
( ) Probability t yl flexibility and scope. 
( ) "nc Strength a increases with 
d 1 | X the S-S* expectancy, 


Strenpt 
(c) the Sth of the R-S* expectancy, 
here i. value of S* 
lr a e 
ONMenta] ong tradition of regarding en- 


Cue " : 
S as the source of incentive 


motivation, and the concept of S-S* expect- 
ancy follows this tradition. The strength of 
the R-S* expectancy is not a customary mo- 
tivational factor ; it merely determines the di- 
rection that motivated behavior will take—in 
this sense it is similar to Hull’s construct of 
habit strength. The concept of value is sub- 
mitted here in very rough and heuristic 
form. The value of S* may be positive, as 
food is when the animal is hungry, or nega- 
tive, as when the animal expects shock. In 
the latter case, the effect of such an expect- 
ancy may be to inhibit behavior rather than 
motivate it. The value of S* certainly must 
depend on the physiological state of the or- 
ganism; thus it has some of the conceptual 
properties of Hull’s D. It should be empha- 
sized, however, that while a procedure such 
as increasing deprivation may increase the 
value of S*, it does not necessarily increase 
response strength. According to this model, 
stronger behavior will be found only if the 
animal has, first, appropriate S-5* ex- 
pectancies, and second, appropriate R-S* 
expectancies in the test situation. It 1s ap- 
parent that the most effective forms of re- 
inforcement are precisely those S*s which are 
biologically significant or of value to the ani- 
mal, such as food for the hungry rat. The 
extent to which an S.S* expectancy can be 
acquired when S* is insignificant, OT lacking 
in value, remains to be determined, but the 
law of motivation indicates that even if such 
expectancies can be acquired, they will have 
minimal effect upon an animal's behavior. 
Roughly, then, the model suggests that the 
value of S* has some of the functional prop- 
erties of Hull's D, the S-S* expectancy = 
some of the functional properties of ee S 
K, and the R-S* has some correspondence 
with sir One might multiply them to- 
cether to predict the strength ox 1. 

^ I would deny that a direct associat 
linkage between a stimulus and x r dm 
is an important or interesting part 0: i 

| i ing experiments. 
is learned in most lean" patterns that 
There are, of course, fixed SR Vete "i. 
may be simple, like ey ier ia attari, 
plex, like releasers anc ae ase voti 
Also, S-R corre sho’. probably learned. 
sufficient training s uld account for what 
Such a mechanism WO 
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is called automatic behavior Si Ae 
Perlmuter, 1970), what is called ba xd E 
havior (Bindra, 1969), or what Wi Es 
James called habit. It would also Y 
for well-earned behavior, motor s ills, 
shifts in the associative control of behavior 
with continued training, and SO on. A re- 
inforcement process might be invoked at this 
point? But perhaps sheer repetition of a 
response as a consequence of the law of per- 
formance suffices to connect it with prevailing 
stimuli. Certainly there is little a priori 
reason to expect such behavior to be gov- 
erned by the same laws or to depend on the 
same neural mechanisms as those involved in 
the laws of learning, performance, and moti- 
vation that have just been proposed. 


IMPLICATIONS 
The present account of 


that if an animal is placed in a situation 
Where there are cues predicting food, and 
food is made contingent upon some response, 
the animal will learn, first, that these cues 
predict food and, second, that its behavior 
produces food. Tf the animal is hungry, 
then it is likely to make that response. This 
constitutes an explanation of why the re- 
inforcement procedure works, This model 
also accounts for nonreinforced behavior, 
that is, the adjunctive behavior that occurs 
in superstition experiments, the instinctive 
drift phenomenon Teported by Breland and 
Breland, and the ritualized, stereotyped be- 
havior commonly found with a variety of re- 
inforcement schedules. All of these phe- 


assumption that an 
nto the experimental situation 
with prior R-S expectancies and may or may 
not learn the particular R-S* expectancies it 
1S supposed to learn. Tf the R-S* expectancy 
is learned, then the reinforcement con. 
tingency will Provide effective control over 
the behavior, but 
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much mammalian behavior ( altho? sl 
fensive behavior in rats seems to be d £n 
constrained to innate behavior eam i5 
Bolles, 1970). 1 believe some mech as well 
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as the contrast in flexibility eae 4 
and mammals’ behavior. Bindra$ ^ ird 
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in old ways to new stimuli, But to 27, j 
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well, and it may evidence no learning at all. 
What is learned in this case is that all cues 
predict shock and all responses which the 
rat has any reason to make also predict 
shock. But if the animal begins to discrimi- 
nate from the array of other events in the 
avoidance situation the contingency between 
the arbitrary response and safety, then as 
this realistic R-S* expectancy begins to re- 
place the inappropriate, innate expectancy, 
bar pressing will begin to replace freezing 
and attempts to escape. But this is evi- 
dently a difficult discrimination. The rat’s 
best chance of ultimately responding appro- 
priately seems to rest upon learning to freeze 
at the bar, so that it can reflexively lurch 
at it when shock comes on which will mini- 
mize the negative value of S* (Bolles & 
McGillis, 1968). 

The passive avoidance (punishment) situ- 
ation is similar. The main difference is that 
in the case of punishment, the response ust- 
ally has appreciable strength because the 
animal is busily doing something else for 
some reason. Because the response occurs 
and is followed by shock, the animal has à 
ace to learn not only about the 
imposed S-S* contingency and to make an in- 
nate defensive response, such as withdrawal, 
but also to learn the R-S* contingency. 
Then since the S* (the shock) has negative 
value, the punished response will be inhibited 
in accordance with the law of motivation. In 
summary, then. in the early stages of learn- 
ing with aversive contingencies, if the re- 
sponse occurs because it is initially strong, 
then the animal will learn both an S-S* ex- 
pectancy and perhaps an R-S* expectancy. 
Tn a case where the response contingency is 
reversed, as in an avoidance experiment, then 
the animal is only likely to learn an S-S* 
expectancy. and its behavior will be based 
on innate R-S* expectancies of safety. 

The present model appears to account, at 
least in principle, for instances in which a 
positive reinforcement contingency controls 
behavior as well as the anomalous instances 
in which it does not. It deals, at least in 
outline, with what have always been more 
troublesome cases— punishment and avoid- 
ance acquisition. The model incorporates 
some relatively resting aspects that 


very good chat 
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can be called primary motivation (the value 
of S*) and some more interesting aspects 
that can be called learned or incentive moti- 
vation (S-S* expectancies), A recent re- 
view of incentive motivation (Bolles & Moot, 
1972) indicates how the concept of Predictive 
cues puts one immediately into contact with 
recent developments in such diverse areas as 
discrimination learning, secondary reinforce- 
ment, frustration, punishment, Suppression, 
and avoidance. The model suggests easy 
extensions to decision-making Situations in 
which subjects must select 
between alternative cues th 
different S*s or the same S* with different 
Probabilities, Thus, we can readily translate 
from S-S* expectancy and S* value to belief 
Strength and Payoff utility, 
he model makes no fundamental distinc- 
tions between Pavlovian and Operant rein- 
forcement situations beyond the simple ob- 
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language and symbolization, the dst 
of different stages of cognitive Aer matos: 
the different sensory, motor, and als à 
tional systems of different pec 
make it impossible to lay out any expect- 
overall rules describing how fast he will 
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osek its size, brightness, hue, and shape 
these "à and it is difficult to perceive one of 
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iffere ne ie iy on that notion with 
ES nt operations (Garner, Hake, & Erik- 
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those which lead to a Euclidean metric in direct 
distance scaling, produce a redundancy gain when 
the dimensions are correlated and some measure 
of speed or accuracy of discrimination is used, 
and produce interference in speed of classification 
when selective attention is required with orthog- 
onal stimulus dimensions [p. 238]. 

This is the definition of integral stimuli as- 
sumed in this article. 

Nonintegral stimuli. Stimuli "that tend 
to be analyzed into perceptually distinct com- 
ponents or properties [Shepard, 1964, p. 
80]” are called nonintegral stimuli or sepa- 
rate stimuli here and are precisely what 
Shepard appears to have meant by analyzable 
stimuli, Operationally, these are stimuli 
which produce a city-block metric in direct 
distance scaling; there is no effect of the 
redundant separate dimensions on perfor- 
mance in speed tasks (Garner & Felfoldy, 
1970), unless the stimulus elements are made 
difficult to see (Flowers & Garner, 1971) ; 
and there is an accuracy redundancy gain in 
case of process limitation (Lockhead, 1970). 
A two-dimensional nonintegral stimulus is 
considered here to be two integral stimuli, 
as if it were two things. 

Analyzable stimuli. Integral and non- 
integral stimuli are both analyzable. Opera- 
tionally, analyzable stimuli are composed 
of dimensions for which orthogonal varia- 
tion on one dimension does not affect 
identification performance on the other di- 
mension. Egeth and Pachella's (1969) data 
demonstrate that univariate identification 
judgments of a stimulus can be the same 
when the stimulus varies along only that 
dimension as when it varies along two di- 
mensions simultaneously. Thus the stimu- 
lus, a dot which could vary along either the 
horizontal or the vertical, is analyzable. 
This appears also to be an integral stimulus 
since, as shown by Klemmer and Frick 
(1953), the same amount of information is 
transmitted by a single dot which varies in 
two dimensions as by two different dots 
which vary in one dimension. 


Processing Models 

Many different models which contrast 
serial with parallel processing have been 
proposed to account for the processing of 
more than one stimulus aspect or for the 
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performance of multiple tasks. Recent con- 
siderations of some of these several models 
have been offered by Biederman and Checko- 
sky (1970), Egeth (1966), Hawkins (1969), 
Neisser (1967), Nickerson (1970), Posner 
(1964), Rapaport (1959), Smith (1968), 
Sternberg (1969), and others, most of whom 
are referenced in these studies, All of the 
single-stage models which have been pro- 
posed require independence (or less than 
perfect correlation), at some stage, of two 
or more dimensions, and Hawkins (1969) 
has summarized the behavioral requirements 
of nine of these, Simply, the various as- 
sumptions require that aspects are processed 
either serially or in Parallel and that this 


exhaustive or self- 
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times are faster with the sawtooth-related 
than with the linearly related integral stimu- 
lus set. The most powerful of the several 
suggested processing models appears to be 
one which assumes self-terminating parallel 
processing with variable and independent 
processing times along each dimension as 
proposed by Hawkins (1969) and indepen- 
dently by Biederman and Checkosky (1970). 
Other singular processing models which have 
been proposed have been rejected by the de- 
mands of the data considered in those papers 
or they have more constraints than does this 
one. In the latter case, those models and this 


cise arguments given by Hawkins 1969) 
(The added possibility that the processing 
rate of one dimension is attenu 
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as when identifying an integral stimulus, a 
response is accessed. If not, blob processing 
is followed, as necessary, by serial processes. 
This is a dynamic model in the sense that the 
organism employs only those processes neces- 
sary for the task. If serial processing is not 
required by the particular stimulus dimen- 
sions and task selected by the experimenter, 
it is not used. Blob processing is always em- 
ployed. The suggested model is described be- 
low by illustration of the resulting processing 
of different stimuli in different tasks. 

Processing integral stimuli. Consider two 
(or more) dimensions which are continua 
in the same Euclidean psychological space, a 
requirement for integrality. To identify a 
particular stimulus, assuming a practiced 
observer, the “S’s [subject’s] task is one of 
locating the multidimensional stimulus in 
that space without the requirement that the 
space be analyzed according to its separate 
dimensions . . . [Lockhead, 1970, pp. 2-3].” 
This is the blob. According to this notion, 
the “Ss [subjects] learn to attach a response 
label to a location in a psychological space 
rather than learn the combination of the 
separate elements [Lockhead, 1970, p. 101." 
In a discrimination space such as this, the 
mean distance between any O stimulus (cf. 
Figure 1) and its immediate neighbors 1s 
greater than is the mean distance between 
any X figure and its neighbors. Thus, saw- 
tooth-paired stimuli are easier to discriminate 
from each other than are linearly paired 
stimuli; responses are more accurate (Lock- 
head, 1970) and are faster (Levy & Hagg- 
bloom, 1971) with sawtooth-related than 
with linearly related stimuli. The horses 
related to the Os are faster even though the 
Os and the Xs have the same ancestors. 
'This is not parallel processing: an integral 
stimulus is a single thing and there is no re- 
quirement for independent decisions on the 
separate dimensions. 

When the task requires identification. of 
the stimulus, correlated integral stimuli are 
identified at least as accurately and rapidly 
as are univariate stimuli, If there are 
identification errors with the univariate 
stimuli, integral stimuli are identified faster 
and more reliably than are univariate stimuli. 
This is because, according to the hypothesis 
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suggested, both tasks require the ene 
processing, and adjacent correlated stimuli 
are separated further in the discrimination 
space than are adjacent univariate stimuli. 
Sometimes the task imposed by the ex- 
perimenter requires integral stimuli to be 
judged in ways other than identifying a 
locus in a multidimensional space. In a 
filtering task, the observer has to judge the 
value of a single dimension while the stimuli 
vary on other dimensions as well as on that 
one being judged. According to a blob- 
processing notion, this requires, once the 
blob itself has been processed, that the per- 
ceived object is then analyzed into its com- 
ponent values. This is because the task is 
not to identify or recognize the thing pre- 
sented; it is to identify (abstract) an aspect 


ofit. Thus filtering tasks require more 
than do identification 
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stimuli which produce an identification re- 
dundancy gain than when identifying uni- 
variate stimuli, That is, Levy and Hagg- 
bloom's results might have been different if 
the stimuli were nonintegral. This is not 
yet tested. 

Processing complex stimuli. It is rare to 
encounter objects in the real world which 
are as simple as those used to investigate 
processing models. It is even more rare to 
encounter entire stimulus sets in which the 
objects differ from each other in only one or 
two ways. By many orders of magnitude, 
real things such as trees and cups and faces 
are each more complex, and the differences 
between such objects are more various, than 
anything considered here. The ideas ex- 
pressed in this paper are not sufficient to 
account for the identification of these more 
complex things. 

Yet these notions do lead to a conjecture. 


Most theories of pattern recognition concern 


(a) the analysis of stimulus attributes and 
(b) the subsequent combination of decisions 
concerning these attributes or distinctive fea- 
tures to provide an identification (cf. Neis- 
ser's 1967, Ch. 3; discussions of several 
models). One difficulty in interpreting such 
models is determining what is to be called 
a feature and which features are to be em- 
ployed to achieve recognition. Another dif- 
ficulty the number of features 
needed. t be reliably identi- 
fied on the rticular feature if 


F Also, 
r objects have 
other objects "Et. iy only a few values i 


there is channel ca- 


few simple stimulus 


a es e are s 
pacity), and thers ns (eg, ten ee 


attributes OF dimensions ie 
orientation, ete). AS $ 
unlikely that there is any o 
es not have attributes 1n common 
with many other objects. This means that 
we do not ordinarily identify objer os. the 
asis: of one OF even severa eatures. : 
disais feature must be a set of a d 
considered in relation to all stimuli ; a 
not have distinctive features in à curis 
That cartoonists may draw carica 
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that feature. Bob Hope’s nose on any other 
vould not be Bob Hope. Alterna- 
C isa aide ik ther nose 
tively, it is very likely that aD B Fre 
on Bob Hope would provide an o i 
identified as Bob Hope with someone else’s 
nose. Even more extreme, the removal of 
the arms from any statue in Trafalgar Square 
does not produce a new Venus. DeMilo, 
Distinctive features are employed in a con- 
text. In Figure 1, if we add another stimu- 
lus which has an extremely large value on 
just one of the dimensions 
called a distinctive feature, 
it was removed from othe 
set and not because of anything inherently 
distinctive in the feature itself. Probably no 
theorist has meant to suggest that only dis- 
tinctive features are employed. However, 
the less obvious implication is not often 
stated. We must determine the space, the 
set of relations, and not just the features, if 
we are to understand pattern recognition. 
The basic hypothesis is that observers first 
locate an object in some complex Psychologi- 
cal space and then analyze that locus accord- 
ing to the needs of the task. (Unfortunately, 


how that locus is realized is taken as a given, 
But we first have 


such a set of rel 


they are deter If we do identify 
each familiar integral stimulus as if it were 
a locus in some identification Space, perhaps 
a distinctive feature can be defined as an at- 
tribute(s), Or the value of an attribute(s). 


of à stimulu at integra] op. 


, that would be 
but only because 
r features in the 


an ask how 
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THEORETICAL NOTES 
ON REASONING, CONGRUENCE, AND OTHER MATTERS! 


JANELLEN HUTTENLOCHER? ann E. TORY HIGGINS 


Teachers College, Columbia University 


This paper deals with issues raised by H. H. Clark's rebuttal in 1971 ofa 


1971 paper by J. Huttenlocher 
that findings with ne 
both on experimental 
problems, 
hypothesis of a parallel between s 
arrangement of real items. The 
ence” model is lacking, 
syllogisms, but, more i 
and verification tasks; 
lead to predictions co 
the evidence CI 
inadequate. 


In this paper, we consider various points 
raised by Clark (1971) in his rebuttal to our 
paper "Adjectives, Comparatives, and Syllo- 
gisms” (Huttenlocher & Higgins, 1971). 


On Reasoning 


Huttenlocher (1968) presented behavioral 
evidence in Support of subjects’ claims that they 
solve ordering syllogisms by constructing imagi- 
nary spatial arrays of the items, In brief, sub- 
Jects claim to imagine arranging the two items 
from the first premise and then to imagine “add- 
ing in” the new item from the second premise. 
The evidence consists of a correlation between 
the difficulty of adding in that new item from 
the second Premise in syllogisms and the diffi- 
culty of adding a new real item into a fixed 
array of two other real items. For both, it is 
€asier to arrange the new item when it is the 
stammatical subject of a regular comparative 
Or of an active sentence, or the grammatical ob- 


ject of a Passive sentence ing “i n 
; E a € (using “is led’ a 
“is trailed”), n ad 


As Huttenlocher 


out, it is possible t 
lation without pos 


both from the National Instit 
senior author. The authors thank Carol Milligan 
for her help in running the subjects in the experi- 
ment reported in this paper. 

* Requests for reprints shoul 
Huttenlocher, Teachers Colle 
University, New York 10027. 


utes of Health to the 


d be sent to Janellen 
ge, Box 97, Columbia 


420 


and E. T. Higgins. The first section shows 
gative-equative sentences, because of their dependency 
context and on the particular adjectives used in the 
are of questionable value in evaluating Huttenlocher and Higgins 
yllogistic reasoning and tasks involving the 
second section shows that Clark's "congru- 
not only as an explanation for question answering in 
mportant, as a general model for q 
; it is theoretically 
ntrary to known evidence. 
ark cites in support of his princi 


question answering 
uneconomical and would seem to 


Finally, it is shown that 
ple of lexical marking is 


treat syllogisms as imaginary arrangement tasks. 
The argument is that the reason for both find- 
ings is that the difficulty of understanding the 
relation between two items when one item is new 
and the other old depends on the grammatical 
roles assigned to those new and old items in a 
sentence. Such a formulation, in terms of 
“new” and “old” items makes the same be- 
havioral predictions as the imagery formulation, 
but fails to account for subjects’ introspections 
about how they solve such problems. Which- 
ever formulation proves best, both explain the 
process of combining information from the two 
premises which, as Clark (1971) now admits, 
he has failed to do. Even if imagery does prove 
to be directly implicated in the solution process, 
one could not accurately describe our proposal 
as an "imagery theory" if, by that, it were 
meant that imagery was the sole basis for solv- 
ing the problems. Clearly, the imagery gen- 
erated in problem solving is the product of vari- 


ous logical and linguistic processes, nor did we 
ever claim otherwise. 

Clark's (1971) rebuttal ar 
gisms with negative-eq: 
ample, “Sam is not 
predict that problem 
when the new item 


gues that for syllo- 
uative premises, for ex- 
as good as Joe,” we must 
S should be easiest either 
the is grammatical subject or 
when it is grammatical object. The former, he 
Says, is the more “correct” Proposal for us to 
make. This is a mistaken version of our pro- 
posal, We only Predict a correlation between 
the difficulty of negative-equative syllogisms 


xe 


ir 
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TABLE 1 


Mean Reaction TIMES AND PERC) 


3E OF ERRORS For NEGATIVE-EQUATIVE 


ARRANGEMENT TASKS 


Subject mobile Object mobile Subject mobile Object mobile 
Adjective Adjective 

RT % RT % RT % RT % 
good 1.76 7 1.82 7 bad 2.24 10 2.12 18 
pretty 1.90 8 1.78 5 ugly* 2.42 18 2.13 16 
happy 1.99 7 1.80 6 sad 2.18 15 1.97 14 
big 1.84 9 2.04 8 small* 2.31 6 2.07 18 
tall 1.94 T 1.90 8 short* 2.65 12 2.13 17 
fast 1.79 T 1.57 8 slow* 2.50 12 1.96 24 
light* 2.49 16 2.18 16 dark* 2.41 11 2.10 14 
hot* 2.36 13 2.05 18 cold 2.54 25 2.31 12 
rich 1.99 5 1.95 2 poor* 2.45 13 2.00 11 


Note.—RT = reaction time. 


Errors and R Ts for each adjective are from 60 subjects with two trials, that is, 120 problems. 


* RT differences significant at p < .01, Wilcoxon signed-ranks test. 


the difficulty of negative-equative syllogisms and 
negative-equative arrangement tasks (Hutten- 
locher, Higgins, Milligan, & Kauffman, 1970) 
and found the following: (a) For syllogisms, 
the object effect was highly significant for bad, 
Whereas for good it was in the same direction 
but not significant. (Clark found significant 
differences for both good and bad, but differ- 
ences with good were slight. In his results, as 
in ours, object effects with negative-equatives 
are proportionally smaller than subject effects 
with regular comparatives.) Huttenlocher et al. 
(1970) obtained no object effect with high-low 
Syllogisms for either adjective; indeed, the re- 
sults, although insignificant, were in the oppo- 
site direction. Clark completely ignores these 
findings and argues as if there were, in general, 
an object effect for negative-equative syllo- 
gisms. (b) For arrangement tasks using these 
same adjectives, there was again a significant 
object effect only for bad, not for good. For 
high and low, there was an insignificant subject 
effect. Our prediction of a correlation was thus 
confirmed even though there was not a universal 
subject or object effect with negative-equatives 
for either arrangement tasks or syllogisms. 
Clark (1972a) reports a study where nega- 
tive-equative arrangement tasks with high, low, 
and bad, good are all easier with the mobile item 
as subject rather than object. He claims this 
result as evidence against our proposal because 
of its striking contrast to results with negative- 
equative syllogisms. However, as we saw in 
a above, Clark misrepresents our results with 
negative-equative syllogisms by claiming there 
is always a significant object effect. Further, 
Clark’s results for arrangement tasks differ 
markedly from ours, since the Huttenlocher 


et al. arrangement tasks showed an object effect 
for bad and no significant difference for good, 
high, and low. In fact, there is considerable 
evidence that experimental setting strongly af- 
fects results for negative-equative arrangement 
tasks. Clark argues that the reason for the 
discrepancy between his results and those of 
Huttenlocher et al. on negative-equative ar- 
rangement tasks is that the latter used the for- 
mat of a syllogism which has a question at the 
end. However, Table 1 presents results from a 
negative-equative arrangement experiment 
which did not have a syllogistic format and, 
nevertheless, found once again object, not sub- 
ject, effects. Using the apparatus from 
Huttenlocher et al, on each trial, the ex- 
perimenter placed two items, describing the rela- 
tion between them as he did so (randomly 
varying description form). The subject had to 
place a third item with respect to these two ac- 
cording to a negative-equative instruction given 
by the experimenter. Several insoluble prob- 
lems were included. Negative-equative instruc- 
tions involved 18 adjectives (9 polar pairs). 
Most subject-object differences were insignifi- 
cant. The significant differences were all object 
effects, and, as predicted by Huttenlocher et al., 
most of the significant effects occurred with 
marked adjectives. 

Since our proposal postulates a parallel be- 
tween syllogisms and arrangement tasks, we 
must consider what constitutes a good test of 
whether such a parallel exists. This problem 
only arises with negative-equatives because 
they, as opposed to the other sentence forms 
we have used, produce variable results depend- 
ing on the adjective used in the problems, and, 
for arrangement tasks, on at least some of the 
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following experimental setting factors " y 
(a) whether subjects have to arrange the € 
two items themselves, (b) whether the place- 
ment of the first two items by the experimenter 
is done in the subject's presence, (c) whether 
the experimenter describes to the Subject the 
relation between the first two items, (d) 
whether there is a question at the end of the 
problem, and (e) whether there are insoluble 
problems. Because of the observed differences 
in results between Huttenlocher et al, Clark, 
and the study above due to such procedural 
variations, and because of the differing conclu- 
sions drawn from these results by Clark 
us, it is clear that 
about what constitutes a fair test of the hy- 
pothesized parallel. 
to be one where the procedure of the arrange- 
al as possible to that of 


egative-equa- 
tasks, negative-equatives 
sentence form to use in 


nce of a parallel between 
and arrangement tasks. 


tive arrangement 

hardly seem a good 
evaluating the existe. 
syllogisms 


On Congruence 


Clark (19695) Proposes a “congruence” 


prin- 
ciple to account for certain results in two- and 
three-term — series problems, Recently, he 
broadened this princi 


ple to postulate that 
0 answer a ques 
ify the truth o 
a state of affairs, the sentence 
“congruent” with the question or the 
state of affairs in thei ying representa- 


1 ir under] 
tions. He has Proposed the following four- 
Stage model: 


Stage ] involves re 
the “underlying structure” 
Stage 2 involves representati 
Or state of affairs, Stage 3 


Son operations” where Subjects “make under- 
lying representations (i.e., from Stages 1 


2) completely congruent” so they 


“identity match” between them. 


ing of the two inputs is postulat 
tial to the completion of questio 
verification tasks. Stage 4 inv 
of an appropriate response ( 
1972: Clark, 1972p), 

Clark (1972)) 


in 
tion about a 
f a sentence 


order for a person t 
Sentence, or to ver. 
With respect to 
must be 


sentence, 
on of the question 
involves “compari- 


and 
can make an 
Identity match- 
ed to be essen. 
n-answering or 
olves the Choice 
Chase & Clark, 


regards question-answering 
and verification tasks as similar except that, 
"Whereas Stage 3 simply matched the two rep- 
resentations for identity in the verification task, 
it must match representations and Pick out an 
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X? in the question-answering task. It will be- 
come clear that this is a minor difference, for 
the matching operations are carried out in the 
same way in both tasks.” He claims that 
to evaluate his congruence model, we must 
consider verification as well as question-answer- 
ing tasks. As Clark says, his model makes 
“important empirical claims,” first, by asserting 
how people represent 
tences and, second, by p 
of a matching stage, 
claims in order. 
Representation of information 
fences. The claim that wh: 1 
sentences is their “underlying structures” is a 
Psychological | claim which, unfortunately, 
changes as linguistic theory changes. Clark's 
(1972b) version holds that the “underlying 
structure” which people store includes a specifi- 
cation of the lexical items used in a sentence. 
Thus he admits that the very same facts about 
the comparative speed of jet planes and rockets 
may be encoded in the two different compara 
tives “Jet Planes are slower than rockets” and 
“Rockets are faster than jet planes.” Yet he 
claims that the information from these sen- 
tences is stored differently because the sentences 
involve different adjectives, For instance, he 
ng claim that, in the former 


makes the startli 
Sentence, jets and rockets are both being com- 
the latter 


pared to very fast things and in 
sentence they very slow 
portance of topic and 


are being compared to 
things. He ignores the im 

choice of adjective * 
(see Huttenlocher & Higgins, 1971), 


information from sen- 
ostulating the existence 
We consider these two 


from sen- 
at people store from 


context in determing the 


.? Clark's example is the following; “Tf John 
killed Harry, then who died?” Stage 1: John 


caused (Harry die), Stage 2: (X die), Stage 
: Compare (John caused) (Harry die) and (X 
die: find X), 


4 We do not want to imply that Clark is unaw 
that topic may sometimes pl 


comprehension, In fact, 
topic with respect 
However, in his theory 


dimension, 


topic could not 
choice of "shorter" 


15, one would not, a 
shorter than B” 
of the immediate 
or B or both are 
mension, 
at least for adjectiy. 
of “shorter” 


That 
ark, say “A is 
was the topic 
when either A 
not at the short end of the di- 
d argue, on the contrary, that 
es from a ratio scale, the pipes 
may be dictated by the topic in com 
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TABLE 2 
PRINCIPLE OF CONGRUENCE AND TEMPORARY ACCESSIBILITY PREDICTED AND ACTUAL 


DIFFERENCES BETWEEN "BEST" AND “\Vorst' 


QuEsTION Forms 


Success of predictions Success of predictions 

Problem RRNA for (1969b) data Ercar datas for (19693) data 
| Clark (1969b) Clack (19095) 

PC TA PC TA PC TA 
| (a) A>B, B>C — -— —.68 * * =14 * * 
(b B>C, A>B - - —.54 è * -1 * * 
II (a) C<B, B<A + + —.26 x ac —5 * * 
(b B<A, C<B + + +.89 * * 0 * * 
Il (a) A>B, C«B 0 | + +.01 * * =2 * 
_ (b) C<B, A>B 0 -— —100 | X * -2 * X 
IV (a) B<A, B» C 0 — —1.02 X * +5 x X 
(b) B>C, B<A 0 + +.67 X * -1 X x 
I’ (a) A«B, BC + + +1.82 * ^ +7 * * 
(b BC, A«B + + +.60 £ * +3 s * 
Il’ (a) CHB, BRA - -= —1.05 * * —18 * * 
(b) BHA, CHB - - —.49 » » —5 x X 
III’ (a) A«B, CB 0 - —.32 * i —11 X * 
(b) CHB, ALB 0 + +.39 x x -11 X X 
IV’ (a) B>A, BC 0 + —.08 * " -4 * * 
(b) BC, BRA 0 = —1.64 X * -12 X 2 


. Note.—> = better; < = Pb = not as good 
PC = principle of congruity; TA = temporary accessibility, 
predicts no difference because either both questions are coi 
the problem to be when the adjective in the qu 


"Worst" ques 


ns 
1 problem type 
For 0 differen 


ng Mann-Whitney U's on untransformed 
es of observed differences for thi 
s the lar; 


the time us 

instead examine the 's 

Own theory, are genuine differences. 

While an avid supporter of PC might not assigr 

pe furely ould assign an X to reaction time differences for IIIb, IVa, and IV’b, and to error di 
"b. 


^ Differences for geometric mean times in seconds. 
v Differences for errors in percentages. 


Taking Clark's (1972b) model literally, the 
information about the world which people ob- 
tain from sentences remains forever framed in 
terms of the "underlying structures" of those 
sentences, including the particular lexical items 
used, Even if Clark does favor the notion that 
information in long-term memory is represented 
in some linguistic form, surely he would want to 
allow it some other organization than a list of 
the "underlying structures" of input sentences. 
Even the weaker claim that information from 
a sentence is represented in terms of its "un- 
derlying structure” for some limited time period 
before it becomes part of a person's general 


bination with a knowledge of the relative height 
of A and B on the scale, and for this very reason 
does not imply that A and B are at the short end 
of the dimension. 


= not as bad; * = 


tion matches that in the second premise. 


To estimate variation for zero prediction 
k's publications, we examined our own da! 
+.15 and +5%, on differences we have found to be 
lata, While these confidence limits are 
e zero predictions ri 
observed differences 
gn an X to reaction time differences for IVb or I 


ect prediction; X = incorrect prediction; 
for Problems III, IV, IH’, and IV^; PC 
ays predicts 


scores obtained by 
ionally corr 
5%, 


and errors = —5.7 


for estimating confidence limits for Clark's 
ro predictions from these differences is that, 
theory, half of these scores should 


g the eight scores where Clark's 
se are i zero differences, thus assuming 
one needs within-group scores. Since only between- 
for several groups doing three-term series problems. 
significant at .01 approximately half of 
generous to PC, the wary reader can 
et of 16, half of which, by Clark's 
s where he predicts zero differences, 
II’b, or to error differences for IVa, 
ferences for IVb, IIa, III'b, and 


ive to the entir: 
all in categori 


store of information about events must be evalu- 
ated against alternative possibilities. 

Clark (1969b) did not evaluate his congru- 
ence principle against even the most obvious 
alternatives. His evidence was from two-term 
and three-term series problems. — Two-term 
series problems, for example, "Sam is better 
(worse) than Joe. Who is best (worst) ?" are 
easiest when the adjective in the question 
matches that in the sentence. This finding, 
however, can be explained without making any 
“congruence” claims about information storage. 
One alternative is that “match” cases are easier 
because, for such problems, subjects do not ob- 
tain a semantic interpretation of the sentence at 
all, but only apply certain syntactic knowledge, 
as they might for a problem like , Sam is 
glupper than Joe. Who is gluppest?" A sec- 
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ond alternative is that, for “match” cases, mem- 
ory-search time is minimized. That is, one set 
of operations which may take time in obtaining 
semantic interpretations of sentences is search- 
ing for the meanings of the words. 3 If the sub- 
ject has just “looked up” a word, its meaning 
might temporarily become more accessible. 

We used Clark’s three-term series data to 
test his principle of congruence against just 
such a “temporary accessibility” alternative, 
which said that what was important was 
whether the adjective in the question matched 
the adjective in the second premise, not whether 
it matched the adjective used to present infor- 
mation about an item in the first place. His 
1969b data were consisten 
cessibility, not with the principle of congruence: 
When the answer was in the first premise, a 
match between the adjective in the question and 
the adjective in that first premise did not help 
but, rather, questions were easier when the 
adjective in the question matched that in the 
second premise. 

Clark’s rebuttal claim: 


t with temporary ac- 


S that (a) his 1969) 
data, the supposed basis for his theory, are based 


on only “13 subjects with two observations per 
Subject per problem" and (b) his 19694 data 
are "more precise.” We had posed temporary 
accessibility as a counterhypothesis against 
Which to evaluate “congruence.” Since neither 
temporary accessibility nor the principle of 
congruence is very good at handling the 1969a 
data, we retain our original conclusion that 
there is no strong evidence for “congruence.” 
First, contrary to both the Principle of con- 
gruence and temporary accessibility, Clark's 
1969a data show that when the answer is in the 
first premise, and the same adjective appears 


I (Kaw) 


Fic. 1. Verifying a word 
“cow” sound combination ; 
tion.) 


with respect toa 
Hi — prototype of 
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in both premises, a problem is easier when the 
adjective in the question does not match that 
in the premises (24.7% errors) than when it 
does match (314%). Second, a systematic 
comparison of the principle of congruence and 
temporary accessibility for all soluble problems 
from both 1969a and 1969b, as shown in Table 
2, indicates that neither is a powerful explana- 
tory principle. 

Matching. With respect to verification tasks, 
Clark (1972b) claims that “It is obvious that 
there must be a representational system common 
to perception and language; otherwise, it would 
be impossible for people to talk about pictures 
and that “it is necessary to assume that pictures 
are represented at some level of processing in 
semantic representations like those of sen- 
tences.” This matching stage was postu- 
lated to answer the question: How does a 
listener determine whether a sentence accurately 
describes a state of affairs? It answers the 
question as follows: The listener makes his de- 
cision by formulating a sentence about it (or 
a semantic representation like a sentence) and 
by determining if that sentence matches the in- 
put sentence (or its semantic representation). 
Contrary to Clark, we believe that it is un- 
likely that such a matching stage exists at all 


except, perhaps, as a special strategy under 
unusual conditions. 


To make our point, we consider the simplest 


type of verification task—where a person must 
decide whether a word is appropriately applied 
to a picture; for example, the word “cow” to a 
Picture of a cow. Figure 1 shows what is re- 
quired to make such a decision, The subject 
must be able to recognize a visual display of a 
cow as a member of a particular perceptual 


picture. (I 


sd — prototype of the 
the 


visual representa- 
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Cie) 8 


IV  Xwlix abav) Yw 


( bə ka" iz dbAv 5a hors) 


"The cow is above the horse.” 


SENTENCE 


Fic. 2. Verifying a sentence with respect to a picture. 
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PICTURE 


(I = prototype 


of the “cow” sound combination; II = prototype of the “horse” sound com- 


bination ; 


III = prototype of the “is above” sound combination; IV = pro- 


totype of the "X, is above Yw” syntactic relation where Xw and Yw are 


both words with privilege of occurrence before and after 
w visual representation; VI= prototype of the horse 
pe of the vertical relation visual rep- 
vertical order with Xy on top and Y 


prototype of the coz 


visual representation; VII = prototy! 
resentation; VIII = prototype of the 
underneath visual representation where X; 


tities.) 


category (perceptual prototype). Similarly, 
ihe word “cow” must be recognized as a set of 
sounds which forms the sound pattern of a 
particular English word (word prototype). In 
addition, and most important, the subject must 
have stored a mapping of the perceptual proto- 
type of the cow onto the word prototype “cow.” 
To decide if the word can be appropriately ap- 
plied to the picture, the subject must categorize 


“each input into its appropriate prototype and 


must determine whether or not the appropriate 
mapping exists. The same features are present 


5 The notion of a perceptual prototype is derived 
from the work of Posner (1969) and a fuller dis- 
cussion of our use of this notion in respect to an 
analysis of symbols will appear in E. T. Higgins 
and J. Huttenlocher, Symbols and other signs: 
"Their characteristics and functions in mental 
Processes. In preparation. 


“is above"; V= 


and Y, are both perceptual en- 


when the subject decides whether the sentence 
“The cow is above the horse" is appropriately 
applied to a picture of a cow above a horse. 
Figure 2 shows what is required to make such 
a decision. The subject can test whether each 
word is used appropriately, as in the "cow" 
example above. In addition, he must recognize 
the display as belonging to the category of a 
particular type of perceptual relation between 
items (perceptual-relation prototype) and as in- 
volving a particular order of those items. The 
relation among words in the sentence must also 
be categorized (syntactic prototype). To de- 
cide if the sentence is appropriate to the pic- 
ture, subjects must determine if there exists 
a mapping of this ordered relation among 
objects onto this ordered relation among words.? 


6 We obviously cannot do justice to the compli- 


cated matter of the relation between surface and 


L/ r 


uo 
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Clark's (1972b) model postulates instead that 
subjects must match an input word or sentence 
against an internally generated word or sen- 
tence about the picture, rather than applying 
directly a knowledge of how the lexicon and 
syntactic rules of the language are mapped onto 
perceived objects and relations among objects, 
That is, the subject only knows that the word 
"cow" applies to a cow picture by internally 
generating the word "cow" from the picture, 
and then matching it to the input word, Surely 
though, such internal generation cannot occur 
unless the subject knows that such a word 
maps onto such a picture, Thus it is utterly 
mysterious why the subject cannot simply check 
whether the appropriate mapping exists, rather 
than having to take the extra steps of internal 
generation and identity matching. According 
to such a theory, if a Person could not recall 
an object’s name then he could not recognize 
that name as appropriate to the object even if 
someone told it to him, because judging the 
applicability of a word to an object is held to 
depend on having internally generated the ob- 
ject's name, that is, on having recalled it. jut 
there is considerable empirical evidence that 
people can recognize even when they cannot 
recall, as, for example, in the tip-of-the-tongue 
Phenomenon, 

With respect to the verification of sentences, 
Chase and Clark (1972) say of "picture first" 
tasks that when the picture is naturally en- 
coded as *A above B," and the input sentence 
is "B below A.” then even though 
tence is true of the picture, 
discovered directly by 
parison, People therefore, 
the subjects of the Picture 
Sentations are identical, . . "7 In order to 
change “A i. above B" to «p ; 

A," subjects must know th 
"above" are Synonymous with (map onto) sen- 
tences with "below" jf one reverses the order 
of A and p, Again, it is mysterious why, given 
that the semantic Tepresentation of one state- 


ment involves “above” and that of the other 
statement involves “Delow,” 


not simply check whether 


perceptual relations among objec: 
ent space restrictions, A 
what js involved will appear 
and E, T, Higgins, Language 
Schemes: Their use in representing 
In preparation, 

"Regarding “the subjects,’ 
sentence subjects, that is, 
derlying representation,” 


symbolic 
information, 


' Clark refers here to 
the subject of an "un- 
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i [i eder (i.e. whether 
propriate reversal of item order ( i.e.. whe 
the order of A and B is reversed). 


i 3 af te ally” 
For question answering, the model is equ 


A y d It is 
gratuitous for exactly the same reason. is 
claimed that sentence and question must b 
identical to solve for X in the question ae 
Footnote 3). We would argue instead ps 
rather than it being necessary to match d 
underlying representations of question jan 
sentence as part of the solution process, it 1s, 
simply necessary to know that expressions 1m- 
volving the word "kill" which describe par- 
ticular logical relations among items, map onto 
other expressions involving the word "dead 
which describe those same logical relations. 

In sum, whether or not one postulates match- 
ing operations, one must postulate PE 
operations, That is, subjects can only tal 
about objects and events if they know how the 
symbols and the relations among symbols in the 
language are mapped onto perceived jeste 
and relations among objects. Furthermore, 
subjects can only turn one expression. into 
another expression if they know how different 
linguistic forms are mapped onto one another. 
It is more economical to simply postulate that 
Subjects check whether such rules of relation 
exist in particular cases than that they turn one 
input into the same form as that of the other 
and then match the two, Therefore, one wants 
Strong empirical evidence before postulating 
that such a matching stage exists at all. There 
is no such evidence at present. 

Furthermore, it is difficult to understand how 
one even could build a satisfactory model which 
identity matching except for 
artificially constrained, After 
all, the mapping of language onto the world of 
objects and events is not one-to-one, 


a particular sentence can be applied to many 


Perceptual situations, and a particular percep- 
tual situation may be described by many differ- 
ent sentences (sentences with different “under- 
lying Structures"), The Problem js especially 
obvious in “picture first" tasks. For example, 
a star and circle in vertical array might be en- 
coded “pointed object is ne 
well as “star above circle” 
limited to eight Possible 

one must question the wh 
information fr 
“semantic re 
tences,” 


if subjects were not 
sentences. Finally, 
ole notion that the 
om pictures js always encoded in 
Presentations like those of sen- 
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with marked adjectives because only the former 
have a neutral “nominal” sense, and that “an 
unmarked adjective used in its ‘nominal’ sense 
1$ easier to comprehend than an unmarked or 
marked adjective used in its ‘contrastive’ sense 
[p. 389]." Thus he claims that unmarked ad- 
Jectives can be used neutrally in comparatives, 
whe marked adjectives cannot. Hutten- 
locher and Higgins (1971) pointed out that 
this proposal (a) is inconsistent with speakers’ 
intuitions that comparatives like “D is taller 
than E” and “E is shorter than D” are equally 
neutral, (b) is not parsimonious because it 
cannot explain observed differences in the dif- 
ficulty of simple contrastive use of marked and 
unmarked adjectives, and (c) has no independ- 
ent empirical support. 

Clark (1971) claims that his hypothesis 
does have empirical support from a study by 
Jones (1970) which contrasted syllogisms with 
polar pairs which either did or did not contain 
an unmarked member, that is, heavy-light and 
thick-thin versus dark-light and fat-thin. In 
comparing syllogisms containing the same ad- 
jective in both premises, Jones found that for 
the first two but not the last two polar pairs, 
the member adjectives differed significantly in 
difficulty. This is not very impressive evidence. 
First, to show that unmarked-marked pairs 
differ more in difficulty than other polar pair 
one must determine the mean and variability 
of differences on the basis of many such un- 
marked-marked pairs, not just cite two cases. 
We did Jones’ comparison for the two un- 
equivocally unmarked-marked pairs from Hut- 
tenlocher et al. (good-bad, high-low). For 
the latter pair, the member adjectives do mot 
differ from one another significantly in diff- 
culty. Second, the use of polar pairs where the 


“marked adjective is the “same” word (light, 


thin), which is contrasted with two different 
types of polar opposites, seems to suggest that 
any variation in the size of differences would 
be due to “heavy” and “thick,” the unmarked 
adjectives, being easier than “dark” and irat 
the marked adjectives. However, for "thin" 
at least, Jones’ results show that the effect in- 
stead derives chiefly from the differences in the 
difficulty of the two senses of “thin.” 

Finally, Clark (1971) criticizes our use of 
the terms “unmarked” and “marked.” Anyone 
who has examined the linguistic literature of 
the last decade knows that these terms do not, 
as Clark claims, have any universally agreed- 
upon definition. This necessarily leads to some 
confusion about whether or not particular polar 
pairs should be regarded as unmarked-marked 
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pairs. Clark and Card (1969), in a study with 
eight polar pairs, used three questionable pairs: 
hot-cold, dirty-clean (neither pair, Clark now 
correctly argues in criticizing us for using 
them, has an unmarked member), and pretty- 
ugly. Later in that same paper, Clark and 
Card suggest “warm” be substituted for “hot” 
and “beautiful” for “pretty.” While the for- 
mer is an improvement, “beautiful’ is surely no 
more neutral than “pretty.” Thus, at least in 
1969, Clark had difficulty determining what 
constitutes an unmarked-marked pair. 
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reasoning. In the present reply, it is argued that the counterevidence to the 
imagery theory remains valid since (a) the only evidence supporting the 
imagery theory is Suspect because of an experimental confounding and (b) 
there are several independent findings contradictory to the imagery theory, 
It is also contended that the arguments against the linguistic theory are 
unfounded. Finally, new evidence js Presented against Huttenlocher and 
Higgins’ explanation for the advantage of “unmarked” over “marked” com- 
paratives, for example, longer over shorter, 


Tn this reply, I will consider Huttenlocher A critical difference between the two tests 
and Higgins’ (1972) major cou 


nterarguments is in the type of placement task used. M 
to my earlier reply (Clark, 1971) to their pre- (19723) used a pure placement task. In it tHe 
Vious proposals (Huttenlocher & Higgins, subject read an instruction like “C is lower 
€-term series than p" (corresponding to the second premise 

John is better than Pete, in a reasoning task). He then viewed an 
and John is Worse than Dick, then who is array already Containing, say, A and B and 
best?" T Will concentrate on the pertinent placed the third object (C) into the array ac- 


empirical evidence, cording to the instruction, Huttenlocher and 


a mixed placement task, 
consisting of two Stages. At the first stage, the 
ning (Hutten- subject heard an instruction like “A js higher 
locher, 1968; Huttenlocher & Higgins, 1971) than B” (corresponding to the first premise in 
claims, roughly, that Deople solve three-term & reasoning task) and then placed A and B 
Series problems by manipulating menta] Objects into an otherwise empty array, The second 
m mental arrays. Thus, it predicts a Parallel Stage was an equivalent of the pure placement 
between the difficulties people have in placing task. The timing in both the pure and mixed 
Teal objects into real arrays (placement tasks) Placement tasks Covered only the final placement 
and the difficulties People have in Solving Of the third object (here, C). Despite these 
reasoning Problems (reasoning tasks). In a similarities, the mixed Placement results were 
direct test of this theory, Clark (19724) generally consistent with the reasoning results, 
acement tasks were not, 


idence against this parallel, Whereas the pure pl 

c n slightly different tests, how- As I have argued previously (Clark, 1971, 
ever, Huttenlocher, Higgins, Milligan, and 1972a), the mixed placement task contains à 
uttenlocher and Hig- probable confounding, 
gins (1972) concluded that there was a Parallel, test of the imagery theory. When the subject 

70 conflicting tests is Correct? is given both the first 
this reply — TE reasoning problem 
Peas pY United States Publis Benas Serie Ret task, he can use 
search Grant MH-20021 from the Nati l Insti- He could į nore 
tute of Mental Health, i uc p Det : 


penter, E, y. Clark, M. Just, R. Reyli A in. a with: the 

Smith for their helpful comments on earlier drafts ines BORE ‘pl 

9f this panes he could make use 
? Requests for reprints should be Sent to Herbert ises together, 
- Clark, Department of Psyc 


, Clar hology, Stanford the fi 
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Counterevidence to the Imagery Theory 


The imagery theory of reasor 


' 
making it invalid as a 
and second premises of a 4 


either one of two strategies: 
the first premise altogether 
Second premise exactly as he 
acement task (Strategy 1), or 
of the first and second prem- 


“reason” With them to discover 
nal ordering of the 


Place the third object i 
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three objects, and then 4 
n accordance with this 
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reasoning (Stategy 2).8 The mixed placement 
results, therefore, should be identical to the 
pure placement results for those subjects using 
Strategy 1, but to the reasoning results for 
those subjects using Strategy 2. Indeed, most 
(though not all) of the mixed placement re- 
sults were parallel to the reasoning results, sug- 
gesting that most subjects had used Strategy 2. 
But when Strategy 2 is used, the mixed place- 
ment task is no longer really a "placement" 
task, but is equivalent to the reasoning task it 
1$ trying to predict. In contrast, the pure place- 
ment task, which meets all other criteria for 
testing the imagery theory,* contains no such 


« confounding, and its results go counter to the 


theory. 

A further difficulty for Huttenlocher and 
Higgins is that they are left with no explana- 
tion for the discrepant results of the two place- 
ment tasks. The linguistic theory in Clark 
(1969b), however, can account for this dis- 
parity. It correctly predicts one particular 
pattern for the pure placement tasks (see 
Clark, 1972a), but quite a different pattern for 
pure reasoning problems (see Clark, 1969b). 
Insofar as subjects in the mixed placement 
tasks are reasoning (using Strategy 2), the 
mixed placement results should allel the 
reasoning results, not the pure placement re- 
sults. Indeed, this is approximately what 
happens. In summary, the evidence against 


“> the imagery theory numbered 1 in Clark (1971) 


still stands. 

Even if the placement tasks of Huttenlocher 
et al, (1970) could be accepted as a proper test 
of the imagery theory, they do not show the 
"impressive parallel" with reasoning tasks that 
Huttenlocher and Higgins claim. Huttenlocher 
et al, for example, compared placement and 
roblems whose premises contained 

high and low, If the imagery theory were cor- 

rect, the difference scores summarized in Table 

1 should be parallel in the two tasks (compare 

columns 3 and 5). But as the scores show, 

the latency and error differences were large 
and significant in the placement task, but zero 
or negligibly small in all but one instance in 
, the reasoning task. These results could even 


reasoning p 


3 This process is described more completely in 
H. H. Clark, More on linguistic processes in de- 
ductive reasoning. In preparation. 

*In her original demonstrations of the imagery 
theory, Huttenlocher (1968) relied on pure, not 
mixed, placement tasks. 

, * Actually, since latencies and errors go in oppo- 
Site directions on the negative-equative problems 
of the placement task in Table 1, it seems inde- 
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TABLE 1 
LATENCY AND Error DIFFERENCES IN HUTTEN- 
LOCHER ET AL.'S (1971) HIGH-LOW PLACEMENT 
AND REASONING TASKS 


á Type of task 
Measure of | type gf eer 
used problem — | Place- | , Reason 5 
ment ing 
Latencies* | Comparative 670 |.01 20 | ns 
Negative- —240|.07 | —20 | ns 
equative 
Percent Comparative 12 |.001 0 | as 
errors | Negative- 2 |.001 5 | .03 
equative 


Note.—Each difference was calculated by subtracting the 
mean (latency or percent error) for problems in which the third 
object to be placed is the subject of the second premise from 
the mean for problems in which the third object is in the predi- 
cate of the second premise. The significance level for each 
difference is given in columns 4 and 6. 

a In milliseconds. 


be construed as disconfirming the imagery 
theory. 

In the first reply (Clark, 1971, p. 507) and 
in Clark (19722), I discussed a second in- 
dependent type of counterevidence to the im- 
agery theory. According to the imagery theory, 
the so-called "indeterminate" reasoning prob- 
lems of Clark (19692) should result in the same 
pattern of difficulties as the "determinate" 
reasoning problems. Since they clearly did not, 
the imagery theory must be incorrect. In 
their reply, Huttenlocher and Higgins (1972) 
do not take up this counterevidence, hence 
the conclusion still stands. 


Principle of Congruence 

In reconsidering the principle of congruence 
(that a statement and question asked of it 
must match in their representations) and their 
own alternative notion of "temporary acces- 
sibility” (that the meaning of a word becomes 
more available for a short time after its use), 


fensible to draw any conclusions from the data 
(see Yellott, 1971). The same difficulty reappears 
in Huttenlocher and Higgins’ (1972) placement 
task. Their Table 1 shows significant differences 
in latencies on eight comparisons; yet on five of 
the eight, the error differences are from 3% to 
12% (M —7496) in the opposite direction. The 
errors in Clark's (1972a) tests were much rarer 
and did not contradict the latencies. 

6 Huttenlocher and Higgins (1972) say that 
negative-equative constructions "hardly seem a 
good sentence form to use” in evaluating the 
imagery theory. This counterevidence, however, 
does not rely on negative-equative constructions. 
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Huttenlocher and Higgins (1972) concur with 
the first reply (Clark, 1971) that the avail- 
able evidence on reasoning goes counter to 
“temporary accessibility,” but they now claim 
there is evidence against congruence too. „This 
claim, however, is based on two illegitimate 
tests. First, Huttenlocher and Higgins assert 
(see their Table 2) that congruence predicts 
latency and error differences of zero between 
“Who is best?” and “Who is worst?” on 
Clark's (1969a, 1969b) problems III, IV, 
III’, and IV’. This is incorrect. In these in- 
dividual instances, congruence makes no pre- 
dictions, and this does not necessarily imply 
there should be zero differences on each prob- 
lem (other factors could be involved). With- 
out the illegitimate comparisons, their Table 2 
Supports congruence on 14 of 16 individual pre- 
dictions, with the two remaining differences in- 
significantly small. Second, Huttenlocher and 
Higgins make note of a particular 24.7% to 
31.2% error difference supposedly contradictory 
to congruence. Clark (19694. 1969b) and 
Huttenlocher (1968), however, have both found 
that when there is the same adjective in both 
premises, syllogisms are consistently easier with 
their two premises in one particular order than 
in the other, Huttenlocher and Higgins’ com- 
parison is confounded with this. independent 


factor. AI comparisons not confounded by 
such factors are consistent with congruence, 

On the basis of these tests alone, Huttenlocher 
and Higgins (1972) Say, "We retain our 
original conclusion that there is no strong evi- 
dence for ‘congruence’ [p, 424]." 
drawn this 


conclusion, however, without ad- 
dressing themselves to all the other evidence 
that has been claimed t 


matching, for example, by Ch 


(1972), Clark (1972a, 1972b), Clark and Chase 
(1972), Ellis » Just and 
(1971), Marks (1972), Olson and Filby (1972), 
Seymour (1969, 1971), Trabasso (1972), and 

rabasso, Rollins, and Shaughnessy (1971). 

One of Huttenlocher and Higgins’ (1972) 
Main criticisms se and Clark (1972) 
theory of Sentence-picture comparison (hence 
the principle of congruence) is illustrated in the 
following comment: “According to such a 
theory, if a Person could no 


t recall an object's 
name then he could not recognize that name as 


appropriate to the Object even if Someone told 
it to him, because judging the applicability of a 
word to an object is held to de 

internally generated the ob 
added, p. 426]." 
the Chase and Cl 


ase and Clark 


pend on having 
jects name [italics 
But as explicitly stated in 
ark proposal, the subject does 


kar: 
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not necessarily generate an internal name for = 
object; rather, he constructs a is s 
resentation" for it, a code Chase and Clark Ee 
fully distinguish from internally eee 
names, Once this misconception is nage 
this and other objections by Huttenlocher and 
Higgins no longer apply. t 

As an alternative to matching or eongruengy 
models, Huttenlocher and Higgins outline their 
own mapping model. In it the subject Is 
viewed as trying to find a “mapping” from 
sentences onto situations they describe, Alge, 
however, the model makes no predictions and 
cannot be evaluated. Presumably, therefore, i 
is meant to subsume a "correspondence" mode 
that. Huttenlocher and her colleagues had me 
viously proposed to account for placement: agi 
reasoning tasks (Huttenlocher, 1968, pp. he 
554; Huttenlocher, Eisenberg, & Strauss, 1 i 
D. 528; Huttenlocher & Strauss, 1968, p. 304; 
Huttenlocher & Weiner, 1971, p. 373). If so. 
however, serious contradictions arise, g 

First, in criticizing the congruence models, 
Huttenlocher and Higgins (1972) argue that 
it is not necessary for the subject to change one 
Tepresentation into another to be able to com- 
pare a sentence and the situation it describes. 
Yet the “correspondence” model does just that. 
As Huttenlocher (1968) described the model, 
“Comprehension requires a correspondence be- 
tween the form of a linguistic expression and 
the situation it describes [p. 553]"; when there 
is no correspondence, the subject must "carry 
out mental Operations to create a correspond- 
ence” between the two by, for example, “trans- 
forming” one or the other representation (see 
Huttenlocher, 1968, p. 554).7 Indeed, it is 
these mental Operations that enable one to pre- 


dict which Placement and reasoning problems 
will be hard 


model excludes such mental 

appears to, then 

tions. 
Second, 


operations, as it 
it cannot make those predic- 


regardless of the technical differ- 
ences between the "correspondence" and "con- 
Bruence" models, each instance for 
Huttenlocher and her colle 
a lack of correspondence is 
lack of congruence (see CI 


which 
agues have claimed 
also an instance of 
ark, 1972a, 1972b). 

* Compare this description of “correspondence” 
to Clark's | (19725) €scription of “congruence” : 
“The principle of congruence asserts that two such 
semantic representations [as Of a sentence and the 
situation it describes] are compared for congru- 
ence, and in the absence of congruence, there must 


he menta] Operations that bring the two Pépresen- 
tations into congruence,” 


and which will not, If the mapping < 


e 
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As a result, every difference predicted by cor- 
respondence would also be predicted by con- 
gruence. Huttenlocher and Higgins (1972), 


wtherefore, cannot conclude “that there is no 


^» pothesis, however, the two questions should be 


strong evidence for ‘congruence’ [p. 424]" 
without contradicting their own previous evi- 


dence for correspondences 
rinciple of Functional Relations 


Huttenlocher and Higgins (1971, 1972) have 
claimed that antonymous comparatives on ratio 
scales (e.g., higher and lower) do not differ 
as to where they can be applied on their under- 
lying scales (e.g., height) (see Clark, 1971, pp. 


4 510-512). Contary to this claim, however, Aud- 


ley and Wallis (1964) have found that it is 
Sasier to answer “Which is brighter?” than 
Which is darker?” for two very bright lights 
differing slightly in brightness, but just the 
reverse for two very dark lights differing 
slightly in brightness. The principle of con- 
gruence predicts such a congruity effect. Ac- 
cording to Huttenlocher and Higgins’ hy- 


regardless of absolute 
brightness, and this is contrary to fact. The 
same disconfirmatory result has been found 
for higher-lower (Wallis & Audley, 1964), 
older—younger (Ellis, 1972), and morc-less 
(Marks, 1972). 


parallel in difficulty 


Principle of Lexical Marking 


Huttenlocher and Higgins (1972) also re- 
consider two hypotheses as to why unmarked 
comparatives like better and longer are easier 
than marked comparatives like worse and 
shorter, Briefly, the neutralization hypothesis 
(Clark, 1969b) states that better is easier than 
eutralizes and worse does 


worse because better n ot 
pothesis (Clark, 1970, 


got. The negativity hy 
1972): Huttenlocher & Higgins, 1971) states 
that worse is more difficult than better because 
bad is implicitly negative and good is not. In 
Clark (1971, 1972b), I argued that both hy- 
potheses are still viable, but Huttenlocher and 
Higgins continue to claim that the negativity 
hypothesis is the only one that is correct. A 
recent study (Clark, unpublished), however, 
appears to disconfirm their claim. In that 
study, subjects were timed as they made true- 


8 Similarly, in discussing the “correspondence” 
model, Huttenlocher and Strauss (1968, p. 304) 
endorse Carey's (1964) "matching" model for the 
verification of sentences against pictures. Yet 
Huttenlocher and Higgins (1972) object to Chase 
and Clark's (1972) virtually identical "matching" 
,model for the same task. 
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false judgments of sentences like “The blue line 
is long/short" and “The blue line is longer/ 
shorter than the pink line" against appropriate 
pictures of blue and pink lines. The negativity 
hypothesis predicts a latency advantage of long 
over short and, because no other factors are in- 
volved, the identical latency advantage of 
longer over shorter. The neutralization hy- 
pothesis, however, predicts an advantage of 
longer over shorter over and above the advan- 
tage of long over short. This is because longer 
is neutral as well as not being negative. The 
results showed a 42-millisecond ($ <.05) ad- 
vantage of long over short, but a significantly 
larger (p <.01) 116-millisecond advantage of 
longer over shorter. These findings are con- 
sistent with the two hypotheses independently of 
each other and are inconsistent with Hutten- 
locher and Higgins’ claim that the latency 
advantage of longer over shorter can be ac- 
counted for solely by the negativity hypothesis. 


Conclusion 
In the limited space available for this 
reply, I have argued that the previous counter- 


evidence to the imagery theory (see Clark, 
1969b, 1971, 1972a, 1972b) remains valid de- 
spite Huttenlocher and Higgins’ (1972) 
counterarguments. Furthermore, the linguistic 
theory still offers a viable account for the 
solution of three-term series problems (see 
Clark, 1969a, 1969b, 1970, 1971, 1972b). It 
» been extended to account for placement 
tasks (Clark, 1972a, 1972b). It should be 
reemphasized, however, that the evidence pre- 
sented here does not rule out all imagery 
theories of reasoning: it speaks only to Hutten- 
locher and Higgins’ particular formulation of 
such a theory. 
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There are striking behavioral parallels 


individuals, suggesting that m 


between obese individuals and hungry 
any obese individuals are actually in a chronic 


state of energy deficit and are genuinely hungry, perhaps because they attempt 


to hold their weight below 
sion is consistent with the remar 


obese human beings and the behavio 
lesions of the ventromedial hypothalamus. 
suggests a reexamination of traditional views o 


hypothalamus syndrome. 


X. cL ey has for many years been attrib- 
oor: gluttony. The obese individual is 
physici iced by society, and often by his 
one ed to be lacking in will power. Jf 
tha ie P the constellation of obesities 
CS Ve obvious glandular and hormonal 
Bry’ ms andon, 1970), obesity is without 
.. the Leal primary etiology. Almost all 
^ “simple” v physiological characteristics of 
neus obesity can be explained as conse- 
Stores E. the increased adipose tissue 
Stores d he cause for the increase in fat 

S has remained elusive, and this lack 
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its biologically dictated "set point" This conclu- 
kable similarities between the behavior oí 
r of animals that become obese after 


Consideration of these parallels 
f hunger and the ventromedial 


of any obvious cause seems to have rein- 
forced the conclusion that the overweight 
individual is a glutton. 

A different explanation of obesity has re- 
cently gained plausibility. Simply put, this 
view suggests that some individuals have no 
choice but to be fat. Like all biological 
parameters, the amount of body fat stores 
varies from individual to individual, and 
some individuals have a higher base-line level 
of adipose tissue than others. They are bio- 
logically programmed to be fat. 


Physiological Basis of Obesity 


This idea of an elevated base line of adi- 
pose tissue stores has recently been given a 
quite explicit physiological meaning. Body 
fat in the form of esterified fatty acids is 
stored in specialized fat cells called adipo- 
cytes or lipocytes. The quanitity of fat an 
individual has is thus a function of the num- 
ber and size of the adipocytes he possesses. 
In an effort to determine whether obese in- 
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dividuals have more fat cells or larger fat 
cells, Hirsch and Knittle and their colleagues 
(Hirsch & Han, 1969; Hirsch & Knittle, 
1970; Knittle & Hirsch, 1968) and Bjorn- 
torp and his co-workers (1972) have counted 
and measured the size of adipocytes in nor- 
mal and obese subjects. Both laboratories 
report that adiposity of obese humans is de- 
termined primarily by the number, as op- 
posed to size, of fat cells. While there is 
often a modest increase in the size of adi- 
pocytes (hypertrophy), simple obesity seems 
to be basically an increase in the number of 
cells (hyperplasia). In one sample, obese 
subjects were found to have three times 
many fat cells as the norm 
(Knittle & Hirsch, 1968). 
The importance of these data for 
understanding 
it is realized tl 


as 
al weight group 


an 
of obesity becomes clear when 
hat the number of fat cells an 
adult possesses is essentially fixed and stable. 
Mature adipocytes are considered to be x 
nonmitotic cells (Goss, 1966), and thus the 
number of fat cells would be stable in the 
adult organism. A period of severe starva- 
tion beginning as early as the sixth week of 
life in rats is incapable of reducing the num- 
ber or permanently altering the size of fat 
cells (Hirsch & Han, 1969), Starvation 
and dieting in adult humans decrease the 
size but not the number of adipocytes to any 
appreciable extent (Hirsch & Knittle, 1970). 
After a period of weight loss the ex-obese 
individual retains the same excessive num- 
ber of fat cells to be filled back up the 
moment will power fades, Conversely, over- 
eating in the adult does not stimulate the 
growth of more adipocytes, Hirsch and Han 
(1969) have found that in adult animals 


weight gain ca 
size of fat cells but not 
ber. Prison volunteers get fat simi- 
larly increase the size 

of fat cells (Sims, Kell 


eher, 
Goldman, 


& Rowe, 1968). 

that a person with a given 
cells is not able to decreas 
through dieting or to increa 
through bad habits or overe: 
dividual with 


number of fat 
e that number 
se that number 
ating. The in- 


a large number of fat cells will 
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have a higher base line of body fat. That is, 
he will be constitutionally fat. 

Further, the two variables that seem to 
affect the final base line of adipose tissus 
stores cannot be readily manipulated. The 
first factor that seems of primary "ep. 
in establishing the organism's level of ac 
pose tissue is heredity. That adiposity PF. 
a strong genetic component is indicated z 
research on animal fat deposition. Severa 
investigators have shown that strains of rats 
vary considerably in their genetic potential 
to accumulate fat stores on various diets 
(Schemmel, Mickelsen, & Gill, 1970; 
Schemmel, Mickelsen, & Tolgay, 1969: 
Marshall, Smith, Munson, & Lehmann, 
1969). While human data are always open 
to interpretation on environmental grounds, 
the magnitude of the association between 
overweight in parents and their children 
makes it seem likely that there is a strong 
hereditary component in human obesity as 
well. For example, Davenport (1923) re- 
ported that in a sample of 51 children all 
born of parents who were slender, none of 
the children were of more than average 
weight and the great majority were them- 
selves slender, Tn a sample of 37 children 
with very obese parents, none were slender, 
all were of at least average weight, and one- 
third were themselves very obese, 

The second factor that seems to be critical 
in establishing the base line of adipose tissue 
Stores is early nutritional experience. Ken- 
nedy (1957) and Widdowson and MeCance 
(1960) have shown that the percentage of 
fat in the bodies of rats is permanently af- 
fected by caloric intake during the suckling 
period. Knittle and Hirsch (1968), looking 
at the cellularity of the fat pads in rats ex- 
posed to this same kind of infantile nutri- 
tional experience, have shown that 
nutritional experiences c 
changes in cell number 
depots. Knittle and Hi 
that extreme hum 
a pattern of cell 
adipocytes simila 
jected to early 
number of 
probably 


early 
an effect permanent 
and size of the fat 
tsch also point out 
an obesity seems to involve 
ularity and metabolism of 
T to that seen in rats sub- 
“overnutrition.” Thus the 
adipocytes an adult possesses 15 
influenced both by the hereditary 


of 


CN 


T 


: (1957). 
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and early nutritional history of the indivi- 
dual. : 
Bii proposition that there are individual 
E ti: ded 1e base line for fat stores be- 
ane eats rica view of the fact that re- 
m TIE peren that the adipose 
VOUS Pines ope by the central ner- 
ing ficio à 1e classic hypothalamic feed- 
as to Seo tee to adjust food intake so 
“set point Ta in stores at the base line or 
comes fror evil, Evidence for this view 
Den or jolis of the effects of destruc- 
baitm (1966 centers. Hoebel and Teitel- 
strated Sequi hire convincingly demon- 
tromedial 1 -— with damage to the ven- 
ulate ist os eus of the hypothalamus reg- 
A i weight at a new, higher level. 
that wei i of investigators have indicated 
TA increases resulting from such 
exclusivel = hypothalamus lesions reflect 
tissue: ti y oes set point for adipose 
of ae ae do not afec the amount 
Du s ady tissue. Reciprocal results 
darmi n deseriked for the lateral hypo- 
showed is 2 Powley and Keesey (1970) 
blanc tncie animals with lateral hypo- 
regulate pri lower the level at which they 
MS indi heir body weight. Powley (1971) 
again L^ rH that this lower weight level 
adipose "adm a change in the set point for 
eus thy Wee stores exclusively. The evi- 
le esl suggests that in its intact state, 
brake to seta hypothalamus acts as à 
at, a XSpen animal from adding excess 
Proposal first made by Kennedy 
A similar description now seems 


i 
ge state it serves to keep the animal 
Nas piinia fat tissue. As Hervey (1969) 
lalamiic p out, this regulation by the hypo- 
average ea is exquisitely precise. An 
Dennis y error of so much as a handful 
s would be sufficient to add 10 


Poun 

ds s : 

Viously Of adipose tissue per year. Ob- 
X. edis Th 3 RN r 
Within lost people regulate their weight 


IR Te e finer tolerance than this. 

crs defend "sd that the hypothalamic cen- 
ipose tissue set point, then there 

De no reason to assume that they 


Stead, ; 
T Wr 
Is possible that the hypothalamic 
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centers defend different baselines in different 
individuals, maintaining whatever set point 
has been established by heredity and by nu- 
tritional conditions during the malleable 
period of childhood. This proposition sug- 
gests a rethinking of much of the behavioral 
data on obesity. If correct, it would indi- 
cate that obesity for some individuals would 
"normal" or "ideal" body com- 


represent a 
«€ 
pa- 


position. The use of such terms as 
thology” or "disease" to account for obesity 
would be inappropriate in such cases. Fur- 
ther, and quite paradoxically, a considera- 
tion of the sociology of obesity suggests that 
many individuals in an “overweight” popula- 
tion will actually be “underweight.” The 
person with an elevated adipose tissue set 
point will be under considerable social (and 
often medical) pressure to reduce his weight. 
Given, once again, that obesity or an elevated 
level of fat stores is his natural state, such 
weight reducing would hold him below his 
physiologically dictated normal body weight. 
The central nervous system of such a per- 
son should respond to weight reduction just 
as would the central nervous svstem of a 
leaner individual, that is, with symptoms of 
energy deficit. Such a person would literally 
be starving all the time. 
There are in fact some st 
between the behavior of obese humans and 
that of hungry organisms. In elucidating 
these parallels, it will be helpful to review 
first the behavior changes that are induced 
Some of these changes are fa- 
many of them are not at all 


riking parallels 


by hunger. 
miliar, but 
widely known. 


Tre Bruavion or HUNGRY ORGANISMS 
Eating Behavior 

Many of the effects of hunger on eating 
behavior are obvious to anyone who has 
ever been hugry. The food-deprived orga- 
nism, given an opportunity to eat, eats more 


and eats more rapidly than the less deprived 


the food-deprived organism is 


organism ; 
nov el en viron ment 


more likely to eat in a 
containing food than the less deprived orga- 
Less obvious are the effects. of 
the taste of food. Until 


hunger on taste respon- 


nism, ete. 
hunger on response to 
recently, the effect of j 


“= 
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siveness has not been examined, probably be- 
cause it has been taken for granted that the 
hungry organism is undiscriminating, eating 
large quantities of any available food with- 
out regard to its taste properties. This 
assumption now seems to be quite wrong. 
The evidence suggests that the deprived or- 
ganistn consumes proportionally more good- 
tasting food than does the less deprived 
organism. ; 

The first indication that the hungry ani- 
mal is highly taste responsive came from 
studies examining the effects of food 
vation on preference for 
water. Bacon, Snyder, 
found that the food-deprived Tat, given ac- 
cess to both water and water flavored with 
saccharin, shows a much more marked pref- 
erence for the sweet solution than the non- 
deprived animal, Valenstein (1967) has 
shown that when nondeprived animals are 
offered a choice between highly sweet sac- 


charin solution and less sweet glucose solu- 
tion, they prefer the less 
solution. When animals 
food, however, the 


depri- 
sweet solutions over 
and Hulse (1962) 


sweet glucose 
are deprived of 
y come to prefer the more 
Sweet though nonnutritive, saccharin solu- 
tion. Williams and Campbell (1961) de- 
prived rats of food to varying degrees and 
then allowed them access for 24 hours to 
either milk or quinine-adulterated milk, 
With increasing hunger, larger amounts both 
of milk and of quinine-adulterateq milk were 
consumed. But, Up to very extreme degrees 
of deprivation, the difference between the 
amount of milk consumed compared to the 
amount of adulterated milk consumed in. 
creased Steadily with increasing deprivation, 
Jacobs and Sharma (1969) offered dogs and 
rats either standard laboratory chow or chow 
with improved flavor due to the addition of 
fats or Saccharin, nimals were either 
vhenever they wished or were 
a brief meal (15. minutes to 2 


Ad-lib and de- 
quivalent amounts 
but deprived animals con- 
€ good fasting. chow than 
ad-lib animals, The evidence thus suggests 
that the deprived animal becomes increas- 
ingly more responsive to taste, consumin 
proportionally more and more good-tasting 


consumed e 
of standard chow, 


sumed much mor 
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food, compared to standard fare, as depriva: 
tion increases. 

Jacobs and Sharma (1969) have Soi 
further than this, suggesting that the a 
prived animal is not only eg 
accepting ef good food but also p 
food relatively more. In one of their ; t E 
deprived and ad-lib dogs were offered ac E 
only to cellulose-adulterated chow. The E 
take of deprived animals, offered only Li 
meal a day, remained at one-third m 
levels for a period of 10 days. Dep 
animals were physically capable of d 
ing much more than that during the bi 
meal, since when food was diluted nod 
more, but with water (which makes a ima] 
pleasant-tasting diluent), deprived an d-libl 
ate as much during their brief meal as A idi- 
animals did over a 24-hour period. ; e by] 
tional supportive data comes from wor - 
Gross (1968), who subjected young 3 Mi 
for a period of weeks, to deprivation sc x 
ules which were so severe that they cous 
not maintain normal weight. When re 
turned to ad-lib schedules, these still-hungry 
animals rejected cellulose-diluted chow rela- 
tively more than did animals always main- 
tained on ad-lih schedules, (And, as would | 
be expected from the literature concerning? 
response to good-tasting food, the formerly 


deprived animals consumed relatively more 
Chow to which fats had been added than 
did the always ad-lib animals.) 


It should be noted that Jacobs and Shar- 
ma's (1969) Proposition appears at colt 
in its strongest form, When animals are give?) 
identical amounts of time to eat and a 
totally starved for varying amounts of tim 
before the Opportunity to eat, it appears 1? 
be the case that intake of even very bad 
tasting food js Positively related to number 
of hours of starvation (Hoff & Gentile 
1969; Tenen & Miller, 1964; Williams € 
Campbell, tds only when oppor? 
Varying lengths (Jacob? 
deprivation is achieve 
er than total starvatio” 
tt, Hanson, Harris, $ 


e 
/2) that ths finickiness of we 
rived i a 
| animal is observed | "m. =~ is 
rebel on commonsen, adult possesses i: 
limited f 


aps ij inted 
Nickiness, it should be pointe 


Toss, 1968; Nisbe 
Stair, 1972) 


out 
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Mrs a be a survival advantage for 
t vho, when hungry, are chary of 
JAc-tasting. (and possibly poisonous or in- 
Jurious) food. : 

NE nus ee that the _food-deprived 
fon Sai ae discriminating. Depriva- 
faa € a de acceptance of good-tasting 
WESA ge er at least some circumstances, 
b ees s rejection of bad-tasting food. 
iee also, as will be seen, has powerful 
,CHects on behavior not directly related to 
f'ating. 2 


hn 
Wmotionality, Alctivity, and Sex 
pid whet we know about the effects 
A comes eom 1 hunger on general behavior 
LANE classic work of Keys, Brozek, 
SES. ete y ickelsen, and Taylor (1950) on 
ings me of semistarvation on human be- 
l verify "s Wark of Keys et al. served to 
of ea “thee | that had long been made 
eee in famine and concentration camp 
Rusty c (e.g., Leyton, 1946). Their con- 
by-lat in yave also been essentially duplicated 
Meerlo, workers (Brown & Pulsifer, 1965; 
ee & Klauber, 1032). The subjects 
Bho by Keys et al. were conscientious 
their had who volunteered to lose 24% of 
This ay weight over a 24-week period. 
Siler a accomplished by restricting daily 
while intake to the vicinity of 1,600 calories 
fe maintaining normal work routines. 
Ee et al. (1950) studied an extremely 
" Mo range of behaviors. I articularly 
qi Reval ranges were observed in three dis- 
NC , The men became, during the 
Qs E. of their fast, progressively more prone 
Ea nd upset, more apathetic and in- 
ve, and less interested in sex. 
roof The emotional effects raf 
. of de have long been known. Anon er 
ithe d 1918-1922 famine in Russia coined 
the rae neurosis of inanition to describe 
es of hunger, which in children, 
"— itself in a combination 3 of 
dility i Ena extraordinary irrita- 
Reis, a chronic crying - (cited an 
et al, p. 909)." In the subjects studied 


Etnia 


d 


fend xd E e irritability was quite marked 
Of the sa Aane gen ME frequent that the 
Pod ae height 20 rig the control pe- 

ad to be curtailed, Interestingly. pe- 
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riods of elation also occurred (inevitably 
followed by periods of depression), which 
the men attributed to a “starvation high.” 
At a more formal level of analysis, Minne- 
sota Multiphasic Personality Inventory 
scales were administered at periodic inter- 
Over the course of semistarvation, 
the scales increased in elevation, 
with the effects being particularly marked 
on the so-called “neuratic triad” of depres- 
sion, hypochondriasis, and hysteria. 
Activity. The men became progressively 
more apathetic and inactive during the course 
of semistarvation. They did only what was 
and that only with an effort of 
will, This lassitude, together with a striking 
lack of sexual interest, is well conveyed 
by a quotation from a diary kept by one 


of the men. 


vals. 
most of 


necessary, 


] am one of about three or four (out of 32) who 
still go out with girls, 1 fell in love with a girl 
during the control period but I see her only occa- 
sionally now. ]t's almost too much trouble to see 
he visits me at the lab. It requires 


her even if s| 
effort to hold her hand. Entertainment must be 


If we see a show, the most interesting part 
of it is contained in scenes where people are eat- 
ing. +: love scenes are completely dull [Keys 
et al., 1950, p. 853]. 


Tt should be noted parenthetically that the 
activity level of rats actually increases with 
increasing food deprivation. This diametri- 
cally opposite effect probably has to do with 
the heat-dissipation problems of small mam- 
mals, When the energy source provided by 
adipose tissue begins to dwindle, rodents 
to have difficulty in maintaining body 
ature (Stevenson & Rixon, 1957). 
Activity makes up in part for energy store 
losses. Hamilton (1969) has shown that 
the deprived rat will work to turn on a 
heat source, and at marked degrees of depri- 
vation prefers this source of heat to in- 
creased body activity. Stevenson and Rixon 
have shown that when ambient temperatures 
are relatively high, the increase in activity 
due to food deprivation is relatively small. 

Sen. Semistarvation all but destroyed 
sexual motivation. Several engagements 
were broken, although as Keys et al. (1950) 
noted, the emotional disorders and lack of 
activity drive may have played a role in 
this. ` Masturbation and nocturnal emis- 


tame. 


appear 
temper 
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sions ceased or were greatly reduced. It 
seems likely that the hyposexuality of hunger 
is mediated at least in part by a drop in 
gonadal hormones. Keys et al. found a one- 
third decrease in urinary excretion of 17 
ketosteriods, which covary with testosterone 
level. Miller, Mickelsen, and Keys (1948) 
found a two-thirds drop in 17 ketosteroids 


in a similar population undergoing total ab- 
stinence from food for four days. 


Tue BEHAVIOR or OBESE HUMANS 


It is fair to say that the major are 
which obese humans have been shown to 
differ behaviorally from normal weight hu- 
mans parallel almost exactly the areas af- 
fected by hunger. This is true despite the 
fact that almost none of the research on obese 
humans seems to have been guided by the 
hypothesis that the obese are hungry. On 


the contrary, the Opposite assumption has 
often been the case, 


as in 


Eating Behavior 


Most of the pertinent empirical work on 
the eating behavior of obese humans stems 
from a program initiated by S. Schachter 
(1967, 1968, 1971). In the course of that 
Program, it has been discovered that like the 
hungry organism, the obese hum: 
food at a given sitting 
idly (Schachter, 1971), 
readiness to eat 
that in a novel 
the obese 


an eats more 
and eats more rap- 
and has a greater 
as indicated by the fact 
environment containing food 
individual is more likely to eat 
than the normal individual (Ross, 1969). 
Like the hungry organism, the obese indi- 
vidual is highly taste responsive. Nisbett 
(1968a, in Press) has shown that the differ- 
ence between the amount of liked and dis- 
liked food eaten by obese subjects is greater 
than for normal weight Subjects. Hashim 
and Van Itallie (1965) have shown that 
obese subjects greatly restrict caloric intake 
when allowed access only to bland, unappe- 
tizing liquid formula, Normal individuals 
subjected to the same dietary regime main- 
tain normal caloric intake. Decke (cited in 
Schachter, 1971 ) gave milk shakes or 
nine-adulterated milk sh 
normal subjects, 


qui- 
akes to obese and 
Obese subjects consumed 
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more unadulterated milk shake and. ex 
adulterated milk shake than normal Me 

A peculiarity of the eating behavior 3 
the obese is that it seems to reflect a Kr 
stant, moderately strong degree of marei 
which is remarkably little affected by bee 
tions that increase or lower the normal p 
vidual's interest in food. Schachter, Gol 1 
man, and Gordon (1968) asked Rau. 
normal subjects to "taste" a variety. A 
crackers. Half of their subjects had je 
eaten two roast beef sandwiches and hal 
were in a state of mild food deprivation; 
Normal subjects, as would be pe aa 
fewer crackers in the “tasting session My 
they had just eaten two sandwiches than 
they did if deprived. Overweight subjects, 
however, ate fully as many crackers after 
eating the sandwiches as they did if 1 
prived. Similarly, Nisbett (1968a) tounen 
that self-report of hunger varied with depri- 
vation state for normal subjects but did not 
vary for obese subjects, And Nisbett and 
Kanouse (1969) have shown that while nor- 
mal weight individuals do more and more 
impulse buying in supermarkets as their 
state of food deprivation increases, Over- 
weight shoppers do a moderate amount of 
impulse buying regardless of their state of 
deprivation. 

Cabanac and Duclaux (1970) have com- 
bined into one experimental paradigm a dem- 
onstration both of exaggerated responsive- 
ness to taste cues and of unresponsiveness to 
short-term changes in nutritional state. 
Normal individuals find otherwise pleasant- 
tasting sweet solutions to be aversive when 
they sample them a few minutes after a 
gastric load of glucose. Obese individuals 
find the solutions somewhat more pleasant 
tasting than do normal individuals in the 
absence of a glucose load, and the glucose 
load decreases their attractiveness for the 
obese individual hardly at all. 

The insensitivity of the obese to short- 
term nutritional change is reminescent of an 
observation reported by Keys et al. (1950). 

uring the rehabilitation period following 
Semistarvation, their subjects were allowed 
to eat all they wanted, It was not uncom- 
mon for the men to eat to the point where 
stomach distention made it impossible to 
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Ns and yet report that they still felt 
re and desirous of eating more. 
E a aa between the eating be- 
se ` humans and that of hungry 
d etim ma therefore quite marked. The 
Faos s in other behavioral areas are 
8t equally pronounced. 


Emoti, ; ian 
motionalit y, Activity, and Sex 


isa By a variety of indicators, 
tional te humans appear to be more emo- 
Stuhr e ra weight individuals. 
Weight as = (1968) found that over- 
Mora Porson reported themselves to be 
electric ep at the prospect ot Tecelving 
Gdin (1972) than did normal subjects, and 
jects ied found that overweight sub- 
normal B harder to avoid shock than 
ader Toa Rodin, Elman, and 
ing aüd (1972) found that the proofread- 
subjects oo performance of obese 
ese ne when sud listened. to 
Normal p 4 charged tapes. Performance ol 
greater hei jects did not deteriorate. The 
in Mec a the obese is reflected 
life, M a of emotional adjustment in aang 
have remus Stunkard, and Srole (1962) 
lected LAM the mental health data col- 
of chen a random sample of the residents 
Michael i Manhattan (Srole, Langner, 
Obese is pler, & Rennie, 1962). The 
Poorer aig were found to obtain 
Éhuions] as on virtually all the tests of 
he prese adjustment. An implication ot 
Should n nt view is that obese individuals 
Unless a. more emotionally disturbed 
point, inr "een is below es dee 
Sotes: fc. Fest evidence that this is the case 
Class data m a consideration of the social 
Ower = „Presented by Moore et al. The 
Much so aergnile (SES) sample was 
ES sam i obese than the middle and upper 
With Sear: > Perhaps there 1s less concern 
individuals St on the part of lower SES 
Pressure fe or perhaps medical or social 
3 lose weight is less for that group. 
oa proportion of lower SES 
i tionship en be at set point, and the 
E Unghie rewan and emo- 
UD Atat es should be weaker for that 
any rate, that was the case. A 
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reanalysis by the present writer of the 
mental health data of Moore et al. shows 
that it is only among the middle- and upper- 
classes that obesity is associated with in- 
creased emotional disorder. 

A second implication of the present view 
is that the emotional state of obese indi- 
viduals should deteriorate still further when 
they attempt to lose large amounts of weight. 
Although the point is in dispute, a number 
of investigators reported that this is the 
case (notably, Bruch, 1957; Gluckman & 
Hirsch, 1968; Gluckman, Hirsch, McGully, 
Barron, & Knittle, 1968; Stunkard, 1957). 
The most commonly reported symptoms in- 
clude depression and irritability but reports 
of more serious effects, including psychosis 
and suicide attempts, are not uncommon. 

activity, | Overweight individuals are 
markedly less active than normal weight 
individuals. Chirico and Stunkard (1960) 
gave pedometers to obese and normal sub- 
jects, matched for occupational role, and 
measured the amount they walked in the 
course of a day. In the great majority of 
the normal subject outwalked the 
Bullen, Reed, and Mayer 
(1964) took motion pictures of girls en- 
gaged in sports and found large differences 
in the amount of time spent in strenuous 
activity. Obese girls only very rarely en- 
gaged in such activity. Bullen et al. and 
a number of subsequent investigators ques- 
tioned overweight and normal subjects about 
their daily routines. Overweight individuals 
report that a considerably higher fraction of 
their time is spent in the most sedentary 
type of activities. 

Ser. The data are least complete in the 
area of sexual behavior. The evidence that 
does exist is consistent with the parallels to 
the hungry organism. Bruch (1957) re- 
ported that her obese patients as a group had 
remarkably little sexual interest. Results 
from a preliminary study by R. E. Nisbett 
and J. Platt (unpublished data) suggest that 
males have less sexual 

normal weight males. 
e marked for the in- 
asms, an aspect of 
ld seem to be little 


Cases, 


obese subject. 


overweight college 
motivation than do 
This tendency was quit 
cidence of nocturnal org 
sexual behavior that wou 
affected by social circumstances. 
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Opesity, STARVATION, AND 
FREE Farry Acips 


Clearly, then, in a variety of behavior 
areas, the obese individual and the hungry 
individual have much in common. Both ap- 
pear more taste responsive, less responsive to 
postingestional feeding cues, more emotional, 
less active, and hyposexual. These parallels 
raise the question of whether there are also 
physiological indications that the obese are 
hungry. 

There are at the present time no uni- 
versally accepted physiological indicators of 
energy deficit. Probably, however, the most 
generally agreed-upon index is the level of 
free, unesterified fatty acids in the blood. 
When the organism is food deprived, is cold, 
or exercises, free fatty acids are mobilized 
from adipose tissue to meet the increased 
energy demand (Gollnick, 1967; Gordon & 
Cherkes, 1956: Hanson, Johnson, & Zaharto, 
1965; Mager & Iampietro, 1966; Van Itallie 
& Hashim, 1960). Starvation reliably elicits 
elevated free fatty acid levels (Walker & 
Remley, 1969). When the organism eats, 
there is a rapid fall of free fatty acid level. 

A large number of recent studies indic. 
that free fatty acid level is higher in ob 
individuals than in individuals of normal 
weight ( Bjórntorp, Bergman, & Varnouskas, 
1969; Bjórntorp, Bergman, Varnouskas, & 

-indholm, 1969; Dole, 1956; Gordon, 1960 : 
Heald, Mueller, & Dougela, 1965; Issekutz, 
Bortz, Miller, & Wroldsen, 1967; Jahnke, 
Gries, Wallenfels, & Schulte, 1964; Leiber- 
meister, Daweke, Gries, Schilling, Griineklee, 
Probst, & Jahnke, 1968; Morse & Mahabir, 
1965). , Until quite recently, this elevation 
of free fatty acid levels in the obese was con- 
sidered to be simply a consequence o 
à ne adipose tissue depot. Tt now seems 
lutte clear that this 1s not the case, however, 
for several Teasong: (a) Experimentally 
induced obesity, both in men (Sims, Kelle- 
her, Horton, Gluck, Goldman, & Rowe, 1968) 
and rats (Steffens, 19 


69), results in slightly 
decreased free fatty acid levels, (b) In 
one of the few cases in the literature of a 


failure to find significantly elevated free fatty 
acid levels (Rabinowitz & Zierler, 1962). 
the authors explicitly noted that all their 


ate 
ese 


f having 
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obese subjects had just gone throu 
period of several months’ active weight g at 
Moreover, Gordon (1960) has reported t i 
in obesity "clearly related to overeating, 
the elevation of free fatty acid levels e 
marked or altogether absent. (c) W oa 
obese individuals lose weight, free fatty cet 
levels increase still further (Genuth, 19 i 
Issekutz et al, 1967; Leibermeister et al. 
1968). 1 
Parenthetically, it may be noted that peig 
haps the chief reservation about accepting 
free fatty acid level as an index of hunge! 
has been the fact that most overweight po 
sons show such an elevation. If there n 
validity to the thesis that many obese indi- 
viduals are below their set point 1o! 
weight, this would clearly explain the ie 
crepancy concerning the interpretation O 
free fatty acid levels. a 
An equally important fact for an under- 
standing of obesity and hunger is that free 
fatty acid level in the obese is relatively in- 
flexible. It does not respond as does free 
fatty acid level in normals to changes 1n 
deprivation state. Several investigators have 
reported that during a day's fast, free fatty 
acid levels of the obese increase only slightly 
or not at all (Corvilain, Loeb, Champenois. 
& Abramow, 1961: Gordon, 1960: Heald 
et al, 1965; Opie & Walfish, 1963; Morse 
& Mahabir, 1964). Normals, in contrast. 
start with lower free fatty acid levels than 
the obese, and in the vicinity of 20-24 hours 
deprivation, equal obese free fatty acid levels. 
The free fatty acid response of the obese to 
à gastric load of glucose is similarly deficient. 
During a fast, the free fatty acid levels of 
normal subjects plummet rapidly to nonfast- 
ing levels in response to oral glucose, The 
free fatty acid response of obese subjects to 
oral glucose is both slower and less complete 
than in normal subjects ( Bagdade, Porte. & 
Bierman, 1969 ; Gordon, 1970 ; Leibermeistet 
et al., 1968; Morse & Mahabir, 1964). 
The importance of these data for an under- 
standing of Obesity seems very great. It T 
apparent that the behavioral and physio- 
logical data are in accord. Overweight 
individuals behave as if they were always 
and inflexibly—hungry, They eat more pet 
meal, they eat more rapidly, they are more 


FI 
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ea z taste; and neither their eating 
on mae mar self-report of hunger, nor 
Much iced ree of supermarket food 
E isto ected by short-term changes in 
Hence ful d , State. The physiological evi- 

ully justifies this pattern of behavior: 


fre ES: È 
s fatty acid level is always—and inflexibly 
—high. J 3 


tanon hys 
Recent Supportive EVIDENCE 


TN tena the present line of reasoning, if 
to defend si SSH operates: Er EE 
B duds S set points in different 
Strücture - the same height and bone 
individual a ner than by defending in all 
“ideal & oe the most esthetic and healthful 
situation ; ve then a quite paradoxical 
be obese at d result: an individual could 
point icd, we be at or even below the set 
I thee 1 his system is trying to defend. 
it is edd is some truth to this notion, then 
Eon e possible that a great many obese 
Society." perhaps even the majority in our 
biologie TEA a weight level below their 
Sire ae y dictated set points. Social pres- 
ees ye overweight is great enough in 
Many over ester societies to insure that 
trying iie is individuals are probably 
intake ar € the time to curtail their food 
Would b ad lower their weight. The results 
&vel à M pma deficit, high free fatty acid 
lupe UE. 
jut tim individuals have higher set points 
elevated f stay below them, and if they have 
Pattern eae fatty acid levels and a hungry 
then sever UE because of their attempts, 
anyone ^s things should follow : (a) When 
point ES ese or normal, is below his set 
Tesemble weight, his eating behavior should 
When d that : of. obese individuals. . (b) 
Points their individuals are at their set 
Normal; S esr should resemble that of 
Should ga go (c) No association 
Weight ey SS between degree of over- 
tumans, d hunger-like behaviors im non- 
» Since there is no social pressure 


Opera; 
atin s s 
Weight € on overweight animals to lose 


ome 
an Support can be marshalled for each 


lese 

a ex i 

and din Y: cw Cabanac, Duclaux, 
ihe s r y those li 

"E is sin (1971), whose line of reason- 


ni vp: 
ilar to the position presented here 
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and has influenced it greatly, have examined 
the effects of weight loss on taste responsive- 
ness. In their study of the affective response 
to sweet solutions before and after gastric 
glucose loads, Cabanac and Duclaux (1970) 
had observed that their two most obese 
subjects gave a "normal" response to glu- 
cose, that is, they disliked the sweet solu- 
tions after swallowing the glucose load (per- 
sonal communication, 1970). On the other 
hand, the most underweight of their subjects 
gave an "obese" response, that is, did not 
dislike the sweet solutions after the glucose 
load. These observations suggested that the 
very most obese subjects had ignored social 
pressure and were at or perhaps above their 
set points. The most underweight of the 
normal subjects was, perhaps because of ill- 
ness or emotional stress, below his set point. 
The remaining overweight subjects would 
have been below set point, and hence hun- 
gry and unresponsive to the glucose load. 
The remaining normal subjects would have 
been at set point, not hungry, and thus re- 
sponsive to the glucose load. In order to 
test the hypothesis that weight reduction 
would result in a failure to respond to glu- 
cose loads, Cabanac et al. (1971) studied 
reactions to glucose loads before, during, and 
after a period of weight loss. The authors 
studied their own responses over the course 
of a 10% weight loss. Prior to loss, and 
after weight was regained, glucose loads 
made sweet solutions unpleasant to the taste. 
During the loss and during maintenance at 
the low weight, glucose loads had no effect 
on the pleasantness of the sweet solutions. 
Cabanac et al. (1971) interpreted their 
results as evidence for the existence of a 
“ponderostat,” a mechanism capable of de- 
tecting whether the organism is at its set 
point for weight. When the organism is be- 
low its set point, the ponderostat detects this 
fact, with the result that events which would 
signal satiety to the organism at set point 
are ignored. Thus, Cabanac and Duclaux’ 
(1970) obese subjects, except for the very 
fattest, would have been below their set 
points because of responsiveness to social 
pressure and hence immune to postinges- 
tional cues indicating a transitory, but insuf- 
ficient, improvement in energy balance. This 
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TABLE 1 
Grams or [CE Cream EATEN AS A FUNCTION OF ms 
TASTE, SUBJECT: AND Susjects 
ESTIMATED NEARNESS TO SET POINT 


Probably near set point 


va >+40) 
Good 138.7 136.9 137.2 
n 19 16 4 
Bad | 69.5 38.6 64.6 
n 18 19 6 
Good-bad 69.2 98.3 72.6 
Probably below set point 
Normal Overweight 
(history of (deviation 
overweight) < +40) 
REX: | CX 
Good 198.3. | 2459 
n 12 | 24 
Bad 18.1 58.5 
n 9 22 
Good-bad 180.2 187.4 


suggestion, which is entirely congenial to the 
present line of reasoning, implies that a re- 
analysis of previous eating behavior data 
would reveal that the most extremely obese 
subjects would show a “normal” pattern and 


the most underweight would show 


an 
“obese” pattern. 


An experiment by Nisbett 
(1968a) allows a fair test of this expectation, 
The responses to good- and bad-tasting ice 
cream of a very large number of under- 
weight, normal, and overweight subjects, 56 
in each category, was studied. In addition, 
the normal category included a large number 
of formerly overweight subjects who had 
been invited to the experiment on the basis 
of weight records indicating that they were 
overweight but who lost sufficient weight 
in the interim to qualify as being of normal 
weight. These latter subjects would be ex- 


pected to be below their set points and should 
show the obese pattern. 


Amounts of good and bad 
erated) ice cream eaten, 
weight group and probabil 
ject was below his set point, are presented 
in Table 1. Normal weight subjects were 
classified as probably below their set points 


(quinine-adult- 
as a function of 
ity that the sub- 
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if they had ever been overweight. E 
weight subjects were classified as pu E 
below their set points if they were 1 2 i 
more under the average weight for pe 
height. Overweight subjects were C 
fied as being at their set points if they w a 
40% or more overweight. The arbitrarine i 
of the cutoffs for underweight and E 
weight subjects should be emphasized. nell 
cutoffs were chosen partly because th Él 
maximize between-group differences. Boy 
ever, it should be noted that the general pa 3 
tern of Table 1 holds when virtually any 
other cutoffs are used. It may be seen P 
among subjects probably at or near their i 
points, there is very little difference a 
ing behavior as a function of weight gr pe 
Within each weight group, however, the su 2 
jects who are probably below their set pane 
are more responsive to the taste of the “a 
cream than subjects probably at their : 
points. In each weight group, subjects be- 
low their set points eat more good ice cream 
and less bad ice cream than their counter- 
parts who are presumably closer to their set 
points (F Taste x Relation to Set Point 
interaction = 777, b « 01). 

Thus, when an Obese individual's degree 
of overweight is so great as to indicate that 
he has ignored social pressure and allowed 
his weight to equal or exceed its set point, 
he appears to behave like individuals of nor- 
mal weight, However, when there is evi- 
dence that the individual is below his set 
point, he appears to behave like an obese in- 


dividual, even if he is of normal weight or 
is underweight. 


A series of experiments on the taste re- 
sponsiveness of rats carried out by L. R. 
Hanson and R. E. Nisbett (unpublished 
data) gives additional support to the 
“ponderostat” concept. If overweight hu- 
Mans are more taste responsive because of 
their obese state, or something associated 
with it, then the more overweight members 
of nonhuman species would be expected to he 
more taste responsive than the less over- 
weight. On the other hand, if it is correct 
that Overweight humans are more taste re- 
sponsive because they are below their set 
points, then there is no reason to expect the 
relatively overweight members of nonhu- 
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i i up who would have no reason to 
Donna heir set points, to be more taste 
ue e than their fellows. In order to 
p oe Hanson and Nisbett 
E lenan m sesponsiveness in Hooded, 
bred m Charles River strain, and 
Ended a - rats. Taste responsiveness was 
1A dn 3 wW sagin at maturity, and in old 
lion » ce tests included quinine adultera- 
islose P ique ee and of chow, cel- 
ih dew of chow, replacement ot chow 
E. oe at content food, and a choice be- 
Show "s J te content. food and standard 
E os à rout half of the tests, a signit- 
tilde a epee was found between absolute 
licor hs PAM responsiveness, such that 
fo € es more good food or less bad 
Fors E qe to consume proportionally 
sees Be tasting food. (Comparisons were 
nee W ithin, never between, strains.) A 

sitive association was never found, how- 
PeR between any measure of taste respon- 
Siveness and degree of overweight, whether 
eie was defined as weight/length?. 
io of inguinal fat pad, fat pad weight/ 

y weight, fat pad weight, length or 
length®, or percentage of fat content of the 
carcass. On the contrary, weak negative 
png were sometimes found, such 
E more underweight rats were the 
taste responsive. 

It thus appears that overweight is not in- 
(Seabed associated with taste responsiveness. 
5 mong rats, who of course would not 
NE to control obesity, a positive associa- 

between relative overweight and taste 

os inii was not found. On the other 
E it would be expected that rats should 
T M ispum as do humans if they were to 
Ger a weight reduction program: In 
don i i this hypothesis, Nisbett, Han- 
ops arris, and Stair (1972) insituted a 
without of modest weight reduction in rats 
elle mali the severe deprivation 
Marshall ELS Ch experiments. Mayer, 
Eni Beart nes hag t Mashayekhi, 
Fiore sat p Bw shown that when a 
Exercise each aye it ye ae oe E 
Weight. feet " enel. nat maintam its 
Bees ab dus] m n all drop in weight 
mer e beginning of the exercise regi- 

|. and the animal eats only enough - 
À gh to 
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sustain itself at its new weight level, rather 
than eating enough to compensate for the 
energy loss due to exercise. Why this 
occurs is a mystery, but it is an extremely 
useful phenomenon for the purpose of ex- 
amining the behavior of animals whose 
weight has temporarily dropped below its 
previously established level. 

Nisbett et al. (1972) subjected animals 
to an exercise regimen similar to that em- 
ployed by Mayer et al (1954), requiring 
animals to move at a brisk walk in motor 
driven activity wheels for an hour each 
day. Taste responsiveness of exercised 
animals was compared with that of unexer- 
cised control animals. Compared to controls, 
exercised animals exhibited greater saccharin 
preference, chose to consume proportionally 
more good tasting, high fat content food than 
standard chow, increased their caloric intake 


more from chow base-line levels when 
offered the high fat food, and decreased 


their intake from chow base-line levels more 
when offered only quinine-adulterated chow. 
These findings seem particularly striking in 
view of the fact that weight loss due to exer- 
cise never exceeded five per cent of original 
body weight. 

The implications of these data for present 
concerns seem considerable. Weight loss 
was produced without resort to deprivation 
schedules and a very minor drop from pre- 
viously established set point resulted in 
marked changes in taste responsiveness. lt 
thus appears that the central nervous system 
is extremely vigilant, responding even to 
modest incursions on the fat store by pro- 
nounced alterations in behavior. 


VENTROMEDIAL HYPOTHALAMUS: 
Tur PoxpEROSTAT? 


It will now be profitable to discuss an 
issue that will be uppermost in the minds of 
readers familiar with the behavior of the rat 
with lesions of the ventromedial hypo- 
thalamus. Virtually every aspect of the be- 
havioral parallels between obese and hungry 
humans seems also to have a parallel to the 
behavior of the rat with ventromedial hypo- 
thalamus lesions. The parallels between the 
obese human and the ventromedially le- 
sioned rat have been described by Nisbett 
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(1968b, in press; Nisbett & Gurwitz, 1970) 
and Schachter (1971), so it is only Dcres- 
sary to briefly sketch the parallels here. No 
attempt will be made to document exten- 
sively the generalizations about the behavior 
of the ventromedially lesioned rat, since 
they are well known. The classic references 
on the eating behavior of the ventromedially 
lesioned rat include work by Miller, Bailey, 
and Stevenson (1950), and Teitelbaum 
(1955, 1957). 

Like the obese human, and like the hun- 
gry organism, the ventromedially lesioned 
rat eats more at a given meal, eats more 
rapidly, and has a greater readiness to eat 
as evidenced by the fact that it is more 
likely to eat in a novel environment contain- 
ing food (Sclafani, 1971; Sclafani, Belluzzi, 
& Grossman, 1970). Like the obese human, 
and like the hungry organism, the ventro- 
medially lesioned rat is highly taste re- 
sponsive. Compared to the normal animal, 
it dramatically increases its intake over base- 
line, standard chow levels when offered par- 
ticularly good-tasting food and decreases its 
intake below chow levels when offered only 
bad-tasting food. 

It is fair to say that the chief effects of 
ventromedial hypothalamus lesions on be- 
havior other than eating behavior fall per- 
fectly within the by-now-familiar categories 
of emotionality, activity, and sex. The ven- 
tromedially lesioned animal has long been 
known for its irritability and proneness 
to rage reactions in response to the minor 
routines of daily laboratory handling. Re- 
cent evidence indicates that ventromedi- 
ally lesioned animals are also highly fear- 
ful. They learn to avoid electric shock more 
quickly than animals, and their 


urner, and Liebelt, 
1966; Turner, Sechzer, & Liebelt, 1967). 


ats have also 
inactive, They 
the home cage 
This of course re- 


uman obesity and 
differs from the pattern 


The discrepancy is not 
in view of the fact 


sembles the pattern in h 
human hunger but 
of the hungry rat. 
surprising, however, 
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that, unlike the deprived rat, the ventro- 
medially lesioned rat has no problem 
with temperature regulation due to dwin 
diing fat store energy reserves. dia 

Finally, it has long been known that i 
ventromedially lesioned rat is nypa 
Ventromedial hypothalamus hyposexua- 
ity, like the hyposexuality of e 
is probably mediated at least in part b) E 
lowering of gonadal hormone levels (se 
Valenstein, Cox, & Kakolewski, 1969, for a 
review of this literature). Estrous cycle 1m 
the female is frequently disrupted OY 
abolished, and the testicles of males are fre- 
quently found in the cryptorchid WEM. 
Gonadal weights are typically lower in both 
sexes following ventromedial hypothalamus 
lesions. Whether these effects are direct 
consequences of ventromedial hypothalamus 
lesions or whether they are the result of dam- 
age to neighboring structures is not clearly 
established. 

The triple analogy is thus complete: In 
major and highly specific ways the behavior 
patterns of the ventromedially lesioned 
rat, the obese human, and the food-deprived 
organism closely resemble one another. It 
should be noted, however, that it is custo- 
mary in the eating behavior literature to 
deny that the ventromedially lesioned rat is 
hungry or behaves as if it were hungry. It 
is important to discuss the reasons for this. 

Historically, the view that the ventro- 
medially lesioned rat is hungry, or rather 
is confused by the lesion so as to behave as 
if it is hungry, is the oldest. The fact that the 
ventromedially lesioned rat ate prodigi- 
ous amounts of food and became fat was 
considered to be presumptive evidence 1n 
favor of this view, The view was sharply 
disputed, however, by Miller et al. (1950) 
on the basis of two observations: the ventro- 
medially lesioned rat is highly taste respon- 
sive and it is less willing to work for its food 
than normal animals, 

The taste responsiveness of the ventro- 
medially lesioned fat, cannot 
today be considered as evidence that it 15 
not hungry. In view of recent research, it 
may now be taken as evidence that the ven- 
tromedially lesioned rat is hungry. mee 

A secondary point concerning the finicki- 


of course, 
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ness of lesioned animals deserves more de- 
poed consideration, however. The view 
oe prevails that the “dynamic,” not-yet- 
nese esioned animal is not highly taste re- 
ee p that finickiness is observed 
ET pue obest; static animal. This 
tion ri ep with the present posi- 
oho hields that hunger, and theretore 
E ans ss, should be at least as great prior 
The x eps of obesity as after attainment. 
highly pd that the. dynamic animal is not 
Pam hnicky, however, seems to rest pri- 
(1953 on a single study by l'eitelbaum 

53). Teitelbaum reported that his dy- 
namie animals ate almost heedlessly, paying 
much less attention to taste than static ani- 
mals and only slightly more attention to 
taste than controls. Teitelbaum suggested 
that obesity was a precondition for mani- 
festation of maximal finickiness. This view 
is sharply contradicted by several studies. 
Very dramatic finickiness has been demon- 
Strated in dynamic animals by Stellar and 
his colleagues. In one study (Corbit & 
Stellar, 1964), dynamic animals were offered 
pellets after weight had stabilized on less- 
preferred. powder. The increases in food 
intake were far greater for lesioned animals 
than for control animals, and far greater 
than those observed by Teitelbaum in a simi- 
lar test with dynamic animals. Moreover, 
intake of the preferred pellets declined for 
the dynamic animals as their weight in- 
creased, A comparable picture was obtained 
When animals were then switched to a greatly 
preferred high fat diet. Lesioned animals 
Manifested huge increases in intake which 
again tapered off as weight increased. A 
Similar decline in taste responsiveness 
accompanying weight gain has been ob- 
Served by others for sweet tastes. Both 
Soulairac (1947) and Jacobs and Sharma 
(1969) have reported that exaggerated glu- 
SUE. Prelegas manifested by animals in 
had aeg stage tend to disappear 1 the 
fines oe The bulk of the data therefore 
EU view that obesity is a 
Rew, dn fad ds ata agen pnus. This 
Sidlar and his des Eur contradicted by 

agues: 


Obesi 

Jbesity i " A 

Some Y is not a necessary condition for finickiness. 
of our most obese animals were only 


minimally finicky, and maximal finickiness was 
seen in animals that were not obese during test- 
ing .. - [Graff & Stellar, 1962, p. 424]. 


The reader should be reminded that the 
interrelationships among obesity, taste re- 
sponsiveness, and hyperphagia are very 
complicated and still poorly understood. 
(See Mrosovsky, 1971, for an excellent and 
well-balanced review of the pitfalls and 
complexities in this area.) Space permits 
only the above brief summary of the evi- 
dence touching on the crucial point of finicki- 
ness in the dynamic animal. The available 
data are probably insufficient to determine 
whether it is the dynamic or the obese rat 
which is the more taste responsive. But 
there is little doubt that dramatic taste re- 
sponsiveness does occur in the dynamic 
stage? 

The second observation which implied to 
Miller et al. (1950) that the ventromedially 
lesioned animal was not hungry was their 
finding that the animal was unwilling to work 
for its food. Miller et al. (1950) showed 
that the ventromedially lesioned animal pulled 
less hard on a restraining harness to reach 
food and that it was less willing to push a 
lever to obtain pellets on a schedule that pro- 
vided infrequent reinforcement. This is of 
course not at all the behavior which would be 
expected of a hungry animal. On the other 
hand, this behavior should be viewed in 
context with other facts about the ventro- 
medially lesioned animal. It is highly emo- 
tional and highly inactive. The harness tests 
were performed after 72 hours of total food 
deprivation. This means that the "control 
animals would have been extremely hungry. 
and probably maximally willing to exert 
effort to obtain food. The extreme emo- 
tionality of the ventromedially lesioned rats, 
however, as Grossman (1966) pointed 
out, might have resulted in sufficient frus- 


3 The present framework does not require that 
the static animal be less finicky than the dynamic 
and in fact has little to say about the complicated 
static preparation which may or may not have some 
recovery of function and which, though perhaps 
at its set point so far as its VMH is concerned, 
may be above it with respect to other central ner- 
vous system structures. The present view re- 
quires only that the dynamic animal be more 
finicky than the unoperated animal. 
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jects, taking advantage of the fact that, for 
most Americans, life has provided pretrain- 
ing in the necessity to unwrap Hershey 
kisses before eating them. Unwrapping 
them, then, should not be an arbitrary, un- 
pleasant requirement, but a familiar, com- 
fortable part of the ritual of consuming them. 
And in fact they found that, with the choco- 
lates, the necessity to unwrap did not lower 
the number eaten by obese subjects (or by 
normal subjects). In another experiment, 
Singh (in press) was able to demonstrate 
the same phenomenon in an experiment 
where pretraining was actu 
He found that if obese su 
trained to perform a 
physical actions, they were willing to per- 
form them to obtain food, whereas they were 
much less willing to do so if they had not 
been pretrained. Pretraining had virtually 
no effect on the behavior of normal subjects. 

It thus appears that, for obese humans as 
for ventromedially lesioned rats, the lack 
of willingness to work for food may not be 


a reflection of lack of hunger motivation but 
of decreased frustration tolerance. 


A third difficulty for the present frame- 
work is presented by the contention of N 
bett and Gurwitz (1970) that the eating 
behavior of overweight human newborns re. 
sembles that of the animal with ventromedial 
hypothalamus lesions, From the present 
viewpoint, such a finding would be quite 
troublesome, since there is no reason to 
assume that the Overweight newborn would 
be below its set point. In fact, if anything, 
the opposite should be the case, i 
the actual data presented by N 
Gurwitz allow a more congenial interpreta- 
tion. One of the findings was that over- 
weight infants (infants with high weight/ 
length? ratios) were unwilling to work for 
their food, as evidenced by the fact that their 
intake was suppressed relatively more when 
they were required to suck through a nipple 
with a very small hole. This finding of 
course is more or less consistent with the 
present framework, Tt might be expected 
that the relatively underweight infants would 
be hungrier and relatively more willing to 
work for food than the overweight infants, 

The other finding reported by Nisbett 


ally manipulated. 
bjects were pre- 
set of complicated 


is- 


However, 
isbett and 


and 
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Gurwitz (1970) is somewhat more difficult 
to reconcile. Heavy infants (infants whose 
absolute weight was greater ) were found ES 
be more taste responsive, as evidenced by 
the fact that they increased their intake reg 
tively more when offered a sweet-tasting 
formula. However, overweight (weight/ 
length*) was unrelated to taste responsive- 
ness. Nisbett and Gurwitz attributed this 
lack of association to the fact that, in tog 
taste study, infant length measurements werg 
unreliable because they were obtained by 
harried hospital staff who tend to be rather 
casual in their treatment of such low priority 
data. It would be more consistent with the 
present framework to assume that unrelia- 
bility was not the cause of the lack of asso- 
ciation and that the data should be accepted 
at face value. (The data are quite con- 
sistent, incidentally, with the work of Han- 
son and Nisbett on rats. Absolute weight 
was sometimes found to be positively related 
to taste responsiveness, but overweight was 
not found to be associated taste 
responsiveness.) 

A follow-up study by Nisbett and Gurwitz 
(unpublished data) provides some useful 
information. The study was essentially a rep- 
lication of both of the procedures of the earlier 
studies. On two separate days, infants were 
given three experimental feedings: one stan- 
dard formula, one sweetened formula, and one 
hard-to-suck highly viscous formula (Nu- 
tramigen, by Mead-Johnson). As in the pre- 
vious study, overweight was associated with 
unwillingness to work for food. Infants with 
high weight/length ? ratios consumed pro- 
portionately less hard-to-suck than standard 
formula (8296 as much) compared to infants 
with medium ratos (87% as much) or small 
ratios (93% as much). The differences fall 
Short of statistical significance, but the 
trend is similar to that observed in the 
original Study. And,as in the original study. 
overweight was unrelated to taste responsive- 
ness, Unfortunately, absolute weight was 
also found not to be Systematically related 
to taste responsiveness, so it cannot be said 
that all inconsistencies are resolyed by the 
Second study, Nevertheless, the two studies 
are fairly consistent with respect to the more 
Umportant independent variable of over- 


with 
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weight: in both studies, relative overweight 
was associated with relative unwillingness 
to work for food; and in neither study was 
relative overweight associated with greater 
taste responsiveness. 

Another aspect of the follow-up study is 
quite pertinent to present concerns. Infants 
were reweighed one month after birth, and 
It is therefore possible to examine the rela- 
tionship between proportional weight gain 
in the weeks after birth and the patterns 
of eating behavior at birth. This analysis 
has relevance for the set point notion if the 
assumption is made that nutritional condi- 
tions may differ in utero such that some 
infants are relatively deprived at birth. If 
So, the relatively deprived infants would be 
expected to gain weight more rapidly when 
Siven the opportunity to control their own 
nutrition, The infants who subsequently 
gain more might therefore be expected to 
be quite willing to work for food at birth 
and to be highly responsive to the taste of 
food. At any rate, this was the case. High- 
gain infants were significantly more willing 
to consume hard-to-suck formula than low- 
gain infants and increased their intake of 
Sweetened formula significantly more. 


A WARNING ABOUT PREMATURE 
APPLICATION 


On balance, the available data do not 
appear to present problems for the theo- 
retical structure serious enough to warrant 
More than a cautionary note. However, 
more than a modicum of caution is recom- 
mended with respect to the chief practical 
implications of the present view. The his- 
tory of medical opinion on the causes of 
Obesity has been one of cycling, every gen- 
eration or so, between the psychological 
gluttony” explanation and the totally bio- 
logical, “glandular” extreme. ]t would be 
very unfortunate if the effect of this review 
fone E uncritical acceptance of 
a ty y 

Clinical Mcd do 2 ^d ái ce 8 
tients not to attempt to 1 des i E is 
ccm dob dep dd ie weight. This 
view that the obese i A ge 
Points has received xn dt doc in 
E uer zd direct test as of the 
s s in fact the weakest 
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link in the present theoretical position. (b) 
An alternative view of the obese, not involv- 
ing the set point notion, appears at least 
somewhat tenable. 

This alternative view, having to do with 
the meal frequency pattern of the obese, 
should be briefly sketched. Cohn has dem- 
onstrated that when rats and chickens are 
fed meals at infrequent intervals, rather than 
being fed ad lib, they become obese. (See 
Cohn and Joseph, 1960, for a review.) 
The work indicates that when calories are 
consumed in a brief period of time, they 
are stored as fat, whereas the same calories, 
when taken in small, frequent meals, do not 
result in fat buildup. This fact may have 
relevance for human obesity. Obese humans 
have been repeatedly found, in eating be- 
havior surveys by Schachter and by Nisbett, 
to eat infrequently. The obese individual 
consumes his calories in fewer meals, spaced 
further apart, than does the normal indi- 
vidual. If Cohn’s data are applicable to 
humans, it could be that some individuals 
are obese in part because of their habit of 
concentrated calorie intake. Obese subjects 
might therefore show hungry patterns of 
behavior in experimental situations merely 
because of short-term energy deficit and not 
at all because of any long-term deficit. Such 
a view would be inconsistent with a good 
deal of the data reported throughout this 
paper, but on the other hand its implications 
have not been as fully explored as those of 
the present view. Because the conclusion 
suggested by the Cohn and Joseph data is 
that obesity may often represent an elevation 
of fat stores over set point, and because 
adequate experimentation might conceivably 
support this implication, any application of 
the present theoretical view to clinical prac- 
tice would be quite inappropriate. 


SUMMARY 


The starting point for the present inquiry 
was a set of speculative thoughts prompted 
by the apparent fact that obesity reflects a 


biologically programmed elevation of fat 
store levels above average values. The re- 


sult of these speculations has been a re- 
evaluation not only of obesity in humans 
but of the condition of hunger and the 
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functions of the ventromedial hypothalamus. 
This integrative effort may be summarized 
as a set of propositions and subpropositions 
more or less deductively related to one 
another. : 

1. Hunger exerts its effects in great part 
through an inactivation of the ventromedial 
hypothalamus, since: (a) Food deprivation 
results in morphological evidence of physio- 
logical inactivity of the ventromedial hy- 
pothalamus. (b) Eating is followed by 
electrical activity of the ventromedial hypo- 
thalamus, and food deprivation by electrical 
inactivity of the ventromedial hypothalamus. 
(c) Lesion of the ventromedial hypothala- 
mus produces essentially an exaggerated 
version of the behavioral effects of hunger. 
(d) Stimulation of the ventromedial hypo- 
thalamus causes cessation of eating. 

2. The obese individual displays the be- 
havior characteristic of hunger and of ven- 
tromedial hypothalamus lesions, sug 
either that the obese individu 
has a weak ventromedial hy 

3. The evidence favors the 
the obese individual is hungr 
Free fatty acid levels 
urally occurring obesi 


gesting 
al is hungry or 
pothalamus. 

possibility that 
y because: (a) 
are elevated in nat- 


ty as in hunger, (b) 
Free fatty acid levels are decreased in arti- 


ficially induced obesity. (c) The very fattest 
individuals show little evidence of the “hun- 
gry” syndrome, (d) The moderately obese 
individual and the formerly obese individual 


show the greatest evidence of the 
syndrome, 


"hungry" 

The most salient theoretical 
the present view is that, whil 
violence to the existing data, it provides 
common theoretica] constructs with which to 
Integrate phenomena in three disparate areas 


of eating behavior research: hunger, obesity, 
and hypothalamic hyperphagia. j 


advantage of 
e doing little 
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is used to analyze the effects on the v 
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perception of his ow 


personality dispositions of need for 
to these basic concepts. 
Atkinson's theory of 
indications are 
approach. 


A cognitive theory of the contemporary 
determinants of task performance is pre- 
sented below. The performance variable 
of main interest is that of behavioral inten- 
sity, that is, the vigor with w 
exerts himself toward 
The related problem of 
the direction of behavior, 
peripherally. 

The present theor 


hich a person 
his selected goal. 
goal selection, or 
is dealt with only 


y is cognitive in the 
sense that it ascribes motivational signi- 
ficance to people's systems of beliefs con- 
cerning themselves and their environment. 
More specifically, it is assumed that the 
way people attribute the causes of task 
outcomes is an important determinant of 
the characteristics of their performance on 
these tasks. 

The attributional theor 
is conceptually rel 
but hitherto indep 
nitive theorizing: 
expectancy theory. 


y of performance 
ated to two influential 
endent traditions of cog- 
attribution theory and 
In essence, the present 
analysis constitutes a logical extension of 
expectance theory which incorporates the 


new but unsystematic insights obtained by 
attribution theory, 
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n ability, and the experience of success or failure. The 
c achievement and anxiety are also related 
The relationship between the present theory : 
achievement motivation is discussed. 
given of possible further developments of tl 
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his theoretical 
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in achieving the outcome, or to onon yent. 
able chance factors in the enviro nite 
More generally, attributions can me four 
to any weighted combination of these 
factors, by 
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the Heiderian analysis of action has. Tas 
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butions. The attributional theory = be 
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tions from not always explicit attributional 
assumptions. In contrast, the present 
theory is developed in a formal manner. 


Expectancy Theory 


_ The attributional theory of performance 
is also a logical extension of expectancy 
theory. We take the latter term to refer 
to a distinctive family of cognitive theories 
which, despite important differences, find 
themselves in substantial agreement con- 
cerning the nature of the basic concepts 
required for the analysis of behavior. The 
theoretical positions of Tolman (1932, 
1959), Lewin (1935, 1938), Rotter (1954, 
1955), Atkinson (1957, 1964), and the 
decision theorists (Edwards, 1954, 1961) 
are included in this family. All expectancy 
theories have their foundation in a com- 
Mon analysis of choice situations. A person 
is conceived by them to be confronted with 
à set of alternatives for action. Each of 
these alternatives is further thought to be 
associated with a number of possible con- 
Sequences. These consequences are in 
turn assumed to have a characteristic 
degree of attractiveness or unattractive- 
ness to the actor and also a certain subjec- 
tive likelihood of occurrence given that a 
Particular action is undertaken. Finally, 
the likelihoods and attractions of each 
Possible outcome of an act combine to 
determine a unique numerical property of 
the act. Predictions about behavior are 
then based in some way on this last quanti- 
fied characteristic of alternative actions. 

In decision theory, for example, the per- 
ceived likelihood of an outcome is known 
as the subjective probability of its occurrence, 
and its attractiveness as the wtility of its 
Occurrence. The subjective probabilities 
end utilities of all possible outcomes of an 
act X combine to determine the act's sub- 


Paci expected. utility (SEU) according 
o the following equation: 


SEUx = PiU, + PSUs + +--+ + PaUn 
Where P; is the subjective probability of 


hes : 
oo possible outcome of X and U; is the 
ility of that outcome. Other deiectancy 
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theories use different vocabularies to ex- 
press essentially the same notions.” 

The attributional theory of performance 
described below adopts the basic concep- 
tual scheme of expectancy theory, but ex- 
tends it so that the more complex cogni- 
tions discussed by Heider (1958) are also 
taken into account. Thus, it effects a 
theoretical unification of the established, 
relatively rigorous, but conceptually re- 
stricted, viewpoint of expectancy theory 
with the newer, heuristic, but as yet unsys- 
tematic, approach of attribution theory. 


CHOICE AND INTENSITY PRINCIPLES IN 
EXPECTANCY THEORY 

The attributional theory of performance 
can be formulated as an extension of any 
particular expectancy theory, since it does 
not try to resolve the issues upon which 
these theories disagree. For the sake of 
consistency, only the vocabulary of decision 
theory is used below. 


Choice Principles 


A choice principle is a postulate which 
specifies the conditions under which a 
particular action X is selected from among 
the available alternatives for action. Al- 
though a number of different principles of 
choice have been hypothesized within the 
framework of decision theory, these prin- 
ciples have typically been elaborations of 
the following basic rule: an action X; is 
selected from the set of alternative actions 
Xy Xa 773 An With a probability which is 
an increasing function of the SEU of Xi 
and a decreasing function of the sum of the 
SEUsof all the alternatives X1, Xs, +++, Xs. 
Thus, the alternative likeliest to be selected 
is simply the one with the highest SEU 
(see Edwards & Tversky, 1967, p. 316, on 
“constant utility" models). 

The present study is only incidentally 
concerned with choice behavior. The 
analysis of intensity phenomena which 
follows is compatible with, but does not 
entail, a choice principle of the foregoing 
type. 

5See Feather (1959) for documentation of the 


claim that expectancy theories are equivalent with 
respect to their most fundamental concepts. 
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Intensity Principles 


An intensity principle specifies the vigor 
or magnitude of effort with which a pre- 
viously selected action is undertaken. The 
decision-theoretical literature has little to 
say about such principles. No doubt this 
is because decision theorists have for the 
most part dealt with a restricted range of 
experimental situations within which the 
behavioral parameter of intensity is unim- 
portant. The object of decision-theoretical 
investigation has usually been the beh 
of choice among a set of alternative games 
of chance. But it is in just such gambling 
situations that the intensity dimension of 
behavior can be ignored: one bets on one 
number or another of a roulette wheel, and 
there is no question of betting more or less 
vigorously. To be sure, decision theory 
also treats the topic of “riskless choice” 
(e.g., Adams & Fagot, 1959). But here 
too, the experimental situations analyzed 
are the kinds which are fully characterized 
by directional properties alone: one chooses 
either a cash prize or an electrical appliance, 
and it makes no sense to ask about the 
intensity with Which the cash prize is 
accepted. 

Yet choices are 
among courses 
depend on the 
expenditure of 
example choose to work on 
mathical aptitude, 
formance is not s 


avior 


more generally made 
of action Whose out 
actor's de 
effort. 


comes 
gree of skill and 
Person may for 
a test of mathe- 
In this case, his per- 
atisfactorily characterized 
€ direction of his behavior. 
s tains on the mathematics 
also & problem for Psychological 
theory, Ina Way that one’s outcome at a 
game of roulette is not. Furthermore this 
Score will depend at least in part on the 
Intensity with Which the task is under 
Thus, a general behavior theory 
postulate an intensity Principle as Well as 
a choice principle if it is to be adequate for 
the analysis of situations where skill isa 
determinant of outcome. The theory out. 
lined below aims at Specifying Such a 
principle of intensity within the conceptual 
framework of decision theory, 


aken. 
must 
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AN ATTRIBUTIONAL THEORY OF 
PERFORMANCE 


Basic Concepts 


The attributional theory of perform 
begins, as do all expectancy i. with 
assuming that a subject is confronte tion. 
a number of possible courses of ac E 
Each of these actions may in turn € 
number of possible outcomes T€ d 
with it. The subject is then peus 
construct a utility function (U) k any 
associates a ut'lity to each outcome i with 
action). The theory is compatible ning 
any decision-theoretical view Mp. 
how one experimentally discovers theng & 
ture of utility functions (see Moste f this 
Nogee, 1951, for a typical treatment o 
problem). t eory 

At this point, classical decision d 
assumes that the subject also consi a 
for each action X, a subjective propc 
function (Px) which specifies the Be X i$ 
of each possible outcome of X if ‘tion 
selected. Thus the probability. p be 
like the utility function, is conceived sion 
a cognition which procedes any ded 
making: on the basis of the inform ea 
available concerning the task’s SUUS the 
and his own dispositions and capacities, e 
Subject calculates SEUs and then dec! et, 
on his course of action accordingly. ut- 
in situations where skill is relevant to O or 
come, that is, in just those we ; 
which an intensity principle is x the 
this is a highly unlikely account © a 
Sequence of events leading to action. o! 
person is confronted with the ae 
taking a mathematics test, his subjec not 
likelihood of succeeding is determined how 
only by available cues but also by sk- 
much effort he intends to exert at the f js 
person may well think that sugeen a 
Virtually assured if only he tries as Bord 
he can to Succeed, and that his probabi n 
of succeeding is relatively low if he expe 
only a moderate effort If this p 
decides to try ag hard as he can, his pro hi 
bility of succeeding (P,) will be very uw 
if instead he decides to exert only a mo We 
ate amount of eff 


fort, his P, will be lo 
onsequently,, 


i P 3 is n9 
In à skill situation, P; i$ 


gy 
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simply a percept which precedes and deter- 
mines all decision making; rather it is 
itself the result of a prior decision making 
Process. Specifically, P, is in part deter- 
mined by the intended intensity of behavior. 

Thus, in classical decision theory, it is 
assumed that the predecisional information 
which determines behavior is the utility 
and P, of each possible outcome of the 
available actions. In the attributional 
theory of performance, this predecisional 
information is hypothesized to be of a more 
complex character: for any available action 
X, it consists of the utility of each outcome 
of X, and a function which specifies what 
the P, of each outcome is for each possible 
level of exertion. Consequently, the P, of 
an outcome will be known to a subject 
only after he has decided how much effort 
1e will expend on the task. 

The above analysis dictates the following 
lormal statement. For each action X, the 
Subject constructs a function Fx which 
associates to each possible level of effort (E) 
à unique probability function Pyg; that is, 
Tx(E) = PxQ(x).  Pxg(v) is then the 
Subjective probability of obtaining the out- 
Come x; to action X, given an effort of 
Magnitude Æ. 

To each level E of exertion on task X, 
there then corresponds a distinct subjec- 
tively expected utility. If there are n 
Possible outcomes to X, SEU is specified by : 


SEUx, = > Px, (xi) a U (x). 
i=l 

If the result of X is perceived to be inde- 
Pendent of the amount of effort expended, 
We have Px,,(x) = Pyx,,(x) for all out- 
Comes x of X and for all ¿, j. It follows 
that SE Ux,, = SEUx;,foralli,j. Thatis, 
SEU has the same value for all effort levels. 
n this case, it is appropriate to talk of the 
=J of actions without reference to effort, 


a 
nd the present theory reduces to classical 
cision theory. 


Intensity Principle 


E e uut àn action X has already 
i ue : according to some here un- 
ee P choice principle. The intensity 

ith which X is undertaken is then 


be 


postulated to be an increasing function of 
E*, the degree of effort which the subject 
decides to expend. Thus, we distinguish 
here the actual amount of effort expended 
(Ix) from the amount of effort the subject 
intends to expend (E*). This distinction 
recognizes the fact that intentions are not 
always realized. In general, however, it 
will be reasonable to suppose that these 
two variables are highly correlated. 

The decision procedure for obtaining E* 
consists of two stages: (a) the set of all 
effort levels Æ which yield a maximum 
value for SEUx, is formed, and (b) E* is 
then the least Æ in this set. In short, the 
subject picks the least effortful way to get 
the greatest return. 

The following is an illustrative derivation 
from the intensity principle. In the case, 
discussed in the previous section, where 
the result of undertaking action X is inde- 
pendent of the amount of effort expended, 
the SEU of X is identical for all values of 
E. Thus, (a) the set of all effort levels 
which yield a maximum value for SEUx; 
contains all possible effort levels, and (b) 
the least such effort level is then E* = 0. 
That is, when outcome is perceived to be 
independent of effort, subjects will decide 
to expend no effort at all. 


Simplifying Assumptions 


A number of assumptions are made solely 
to facilitate the derivation of hypotheses 
in the later sections. Suppose that the 
action X has already been selected. 

1. It is assumed that to each effort level 
E there is associated a specific outcome 
xg of X with subjective certainty. In 
reality, each effort level determines a proba- 
bility distribution of outcomes. Although 
this restriction is severe, the hypotheses 
discussed below can as well be derived 
without it. The derivations would be 
tedious, however. 

2. Assume that the intensity with which 
X is in fact performed is a positive linear 
function of the intended effort level, that is, 
Ix = kE* (ko 0) Again, while this 
simplifies subsequent derivations, only the 
weaker assumption that Jy is an increasing 
function of E* is necessary. Recall that 
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PERCEIVED FACILITY 


Vic. 2, Theoretical rel 


facility 


ceived to be m 
effort-outcome rel 


o the one 
However, by the rela- 
effort and perceived 
difficulty postulated in the previous section, 
h results in success at 
X; will be greater than that which results 
in success at X; That is to Say, the point 


of discontinuity in the effort-outcome 
function will be further to the right on the 
effort scale for X; than 


the theory predicts th 


at the selected effort 
level Ej* for task X; will be the point on 
the effort scale at whi 


é ered become more 
18 clear that the selected effort 
ase in magnitude. Eventually, 


be So difficult that 


cult than 
this, all possible effort levels are associated 


with the same failing Outcome fe. [n that 
$ also result in 
It follows that subjects 


will select the least such effort level, that is, 


ationship between perceived task 
and intended effort (E*). 


rt 

E,* = 0, Evidently, the selected eo 
for any task more difficult than Xz 
also be zero, ation- 

It is then possible to graph the relatas 
Ship between perceived task difficulty ue 
intended effort (Figure 2). As long 2t not 
task is perceived to be so difficult tha en] 
even maximal effort will result in "When 
the selected effort will be E* — 0. axi 
the task is just easy enough for es ex- 
effort to lead to success, the cS par As 
Penditure of effort wil be E* ae t 
tasks become easier after this poe in 
goes down (although not necessari Tul 
the linear. fashion shown in the RE 
For the easiest possible task Xn, a the 
is assured with no effort at all an 
subject again does not exert himself. jsitY 
Since it has been assumed that pe 
iS a positive linear function of ~~ the 
effort, Figure 2 depicts the shape 0 ived 
functional relationship between pec as 
facility and behavioral intensity as we 
that between facility and E*, d the 

Figure 2 is the intended effort an ; 


s S i, ae ect 
intensity function for an individual subj 


2 cte 
In a group of Subjects, it is to be expe 
that different 


ive the 
individuals will qms 
same task as having varying degr 
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facility. Thus, their performance will drop 
from maximal to minimal intensity (point 
X. in Figure 2) at different places along the 
continuum of tasks. This will result in 
the Sroup curve's approximating an in- 
verted U rather than the sharply discon- 
tinuous function shown in the figure. 


Verifying Data 


Atkinson (1958, Ch. 10) reports an ex- 
Periment in which female subjects worked 
9n a skill task for a cash reward of either 

1.25 or $2.50. Each subject was told how 
many other persons were competing against 
her and the number of prizes that would be 
“warded. One group of subjects was 
informed that they were in a group of 
20 People and that only the best perform- 
“nce of these 20 be rewarded. A second 
Stroup was instructed that they were com- 
Peting against two other subjects and that 
Only one of these three could win. Other 
Subjects were told that they had been 
Paired with one other person and that the 
Ugher of the two scores would win. Fin- 
ally, a fourth group was led to believe that 
they were in a group of four subjects of 
Which the three highest scorers would win 
a prize. In sum, the proportion of subjects 
Who could succeed at this task varied 
mong the experimental groups from 1/20 
through 3/4. 

A hypothesis of Heider's suggests a direct 
relationship between these experimental 
Conditions and the variable of perceived 
difficulty. According to Heider (1958), 
if we know that practically everyone who tries 
Succeeds, we shall attribute their success to the task. 
„ € task is then described as being easy. If hardly 
anyone succeeds it is felt to be difficult [p. 89]. 
F nieze and Weiner (1971) have presented 
evidence corroborating this highly plausible 
oniecture. Thus, the several groups in 


He: , g 1 
tl inson’s (1958) experiment were con- 
TOonted with task 


Increased 
Increased. 


he proportion of 
icted in Figure 2, 
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PROPORTION OF $s WHO CAN WIN 
(PERCEIVED FACILITY) 


Fic, 3. Observed relationship between intensity 
of performance and perceived task facility, with 
monetary incentives of $1.25 and $2.50 (adapted 
from Atkinson, 1958, Ch. 10, p. 294. From Motives 
in Fantasy, Action, and Society by John W. Atkinson 
© 1958 by Litton Educational Publishing, Inc. 
Reprinted with permission of Van Nostrand Rein- 
hold Company). 


Further, since all groups worked on the 
same set of problems, the intensity of their 
performance is directly reflected by the 
score they obtained on the task. Figure 3 
presents the data obtained by Atkinson 
(1958) in the two incentive conditions used. 
Both incentive groups evidence the in- 
verted- U function predicted in the previous 
section. On the other hand, the observed 
elevation of the performance curve due to 
increased incentive is not explicable in 
terms of the analysis presented here. This 
problem receives further attention in the 
General Discussion section below. 

When the formal derivation of Atkinson's 
result is stated in ordinary language, it 
acquires a compelling simplicity. Per- 
formance level is relatively low when the 
task is perceived to be very easy because 
subjects generally believe that great effort 
is not necessary in order to succeed. When 
the task is thought to be very difficult, 
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performance level is again low, this time 
because subjects believe that great effort 
will be of no avail. On the other hand, it 
is just when the task is perceived to be 
neither extremely easy nor extremely diffi- 
cult that effort is seen as the crucial de- 
terminant of success or failure. Thus, 
performance level is highest at tasks of 
intermediate perceived difficulty. 

More direct evidence for the analysis 
presented here comes from a recent experi- 
ment by Weiner, Heckhausen, Meyer, and 
Cook (1972). These authors asked subjects 
to indicate how much effort they would 
expend if they were to undertake any of a 
number of tasks varying in difficulty. The 
data show that the relationship between 
task difficulty and intended effort expendi- 
ture is an inverted- U function. This 
finding directly verifies the relationship 
between intended effort and perceived diffi- 


culty predicted by the attributional theory 
of performance. 


INTERACTION oF PERCEIVED DIFF 
AND PERCEIVED ABILITY 

Concept of Ability 
It is likely that 
less effort is necessa 
if he thinks himsel 
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a person believes that 
ry for success at a task 
f very able than if he 
believes that his ability for the task is 
relatively low (Heider, 1958, p. 171), 
Thus, the fourth Heiderian attributional 
variable of preceived ability is also a deter- 
Minant of performance intensity. The 
attributional theory of performance is 
capable of making a number or predictions 


concerning the relative performance of 
groups which 


Ou differ in their perceived 
ability for the task at hand. Unfortun- 
ately, the behavioral 


characteristics of 


(as Opposed to 
received little 


perceived-ability 
real-ability groups) have 
explicit attention, The theoretical predic- 
tions made below are thus not directly 
verifiable in the existing literature, 
However, a recent finding relates the 
concept of perceived ability toa frequently 
studied individual difference variable. An 
experiment by Kukla (1972, Experiment 
1) has shown that subjects high in resultant 
achievement Motivation, which is defined 


groups 
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$ eds minus 
as the strength of achievement needs 3 
the strength of anxiety, report a hig 


estimate of their ability than low resultant 
achievers after having worked on an iden 
cal task. Yet the task outcome in i 
experiment was not determined by, male 
at all, so that this finding is not explica e 
by supposing that the high resultan! 
achievers were in fact higher in abil Sy 
Rather, it seems that the higher reult 
achieving subject is characterized by i. 
general disposition to attribute relative y 
high ability to himself, while the low E 
sultant achiever has a generalized tendency 
to attribute relatively little ability to him- 
self. A related result of Atkinson, Bast ai 
Earl, and Litwin (1960), who found thaj 
subjects high in achievement needs eX 
ceeded low achievers in their estimates E. 
how well they expected to do at a nox, 
task, strongly suggests that this perceive i 
ability differential is due to a generalizec 
tendency rather than being a task-specific 
response. 

In view of these findings, the large nunt 
ber of published investigations dealing 
with resultant achievement motivation be- 
comes relevant to the present theory $ 
predictions concerning the effects of pel 
ceived ability, Specifically, any hypothes'* 
concerning the behavioral differences €% 
pected between high and low perceived" 
ability groups immediately generates the 
second hypothesis that the same difference? 
are to be expected between high and loy 
resultant achievement groups. This secon 
hypothesis is invariably more likely to hay 
been tested by prior research. 3 

There is, of course, an implicit assump” 
tion in the above argument: it is necessary 
to suppose that the perceived-ability di 
ferential is the only motivationally sign. 
cant difference between the two resulta 
achievement groups. This view di M 
fundamentally from the more well-kno" 
theories of achievement motivation anc ac 


anxiety (Atkinson, 1964; Mandler & Seri 
son, 1952; Spence, 1958). The genter- 
position taken here, that individual di € 
ences in 


A i a 
achievement-related behavior ve 

due to differences in the subjects’ -— 

appraisals of task situations, has 
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— High Perceived Ability z High Resultant Achievers 


N, ==- Low Perceived Ability z Low Resultant Achievers 
* 


PERCEIVED FACILITY 


Fie. 4. 


Theoretical relationship between perceived task facility and E* 


for individuals high and low in perceived ability for the task. 


Argued for at length by Weiner, Frieze, 
Kukla, Reed, Rest, and Rosenbaum (1972). 
ürther, Kukla (1972, Experiments 2 and 3) 
las shown that such cognitive appraisals 
soy influence both the direction and 
oe Seong of behavior. I hus, equating 
gen ani achievement motivation with a 
d Mou, disposition to perceive one's 
tity as high or low has some prima facie 
Ru] anom This point of view is made 
eae attractive by the fact, demon- 
anal ed below, that it results in a theoretical 
sid, ysis which adequately explains a con- 
'derable body of data concerning the rela- 
“lve performances of high and low resultant 
achievement groups. 


Theoretical Analysis 


ee following postulate concerning per- 
ig ability is adopted : For a task which 
E. oe to be equally diffi- 
E he subject who believes his ability 

Pe higher will also expect that a smaller 


amount i 
of effort is requi for hi 

uire or him to 
Succeed, ^ d 


Consider now 2 

‘ ler ' à task X of 

beg difficulty. Let E, 
i ort level of a subject 
's ability for the t 


Y yk . 
™ be the intended 
Siw 


arbitrary per- 
* be the intended 
S, who perceives 
ask to be high, and let 


effort level of a subject 
1 c Dr a jis 
ho perceives his ability for X to be lm 


Equivalently, Sa and Sı can be subjects 
high and low in resultant achievement 
motivation. Now E,;* and Ej* are the 
smallest effort levels which each subject 
expects will lead to success. Thus, by the 
assumption of the previous paragraph, 
E,* € Ej*; that is, a subject who perceives 
his ability to be high will intend to expend 
less effort on the same task than a subject 
who believes his ability is low. 

For any task perceived as easier than X, 
both subjects will decrease their intended 
effort level, S; maintaining a higher E* 
than S}. Similarly, if a task is thought to 
be more difficult than X, both subjects will 
increase their E*, and again £,* will remain 
higher than E;*. However, there is a 
maximum possible level for E*. As tasks 
of increasing perceived difficulty are con- 
sidered, E;* will reach this maximum 
sooner than will E;*, that is, S; will more 
quickly conclude that the task requires 
his greatest possible exertion. For any 
task whose perceived difficulty is greater 
than this, S; will believe that success is not 
possible with any level of exertion, and so 
by the principle of least effort, he will 
decide not to exert himself at all. On the 
other hand, S», will not yet have reached 
his maximal E*, so that for the same task 
at which S/'s intended effort drops to zero, 
his intended effort will continue to rise. 
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If perceived ditficulty becomes still greater, 
there of course comes a point at which 
Sr too concludes that success is not possible 
and ceases to exert himself. J 

Figure 4 depicts one possible configura- 
tion of relationships among the variables 
of perceived ability (or resultant achieve- 
ment motivation), perceived difficulty, and 
intended effort. A number of the features 
of the figure are arbitrary, as for example 
the parallel slopes of the two curves. The 
derived properties of the figure are (a) the 
existence of a region of high perceived 
facility where E,* X FEi*; (b) the existence 
Of a region of intermediate perceived 
facility where Ex* > Eř; and (c) the exist- 
ence of a region of very low perceived 
facility where E,* = Te 0. 

Figure 4 depicts individual performance 
Curves. Group curves should approximate 
two overlapping inverted- U functions, 
Again, since behavioral intensity is a posi- 
üve linear function of intended effort, 
Figure 4 also depicts the functional rela- 


tionship between perceived facility and 
intensity. 


Verifying Data 


Partial verification for the 
tions comes from a well-kn 
experiments undertaken by Spence and his 
colleagues (Spence, Farber, & McFann, 
1956; Spence, Taylor, & Ketchel, 1956; 
Taylor & Chapman, 1955). "These authors 
found that Subjects high in anxiety per- 
formed better at (objectively) easy tasks 
but worse at (objectively) difficult tasks 
than did low-anxiety Subjects. If we as- 
Sume that wit 1 the task 


and in the ing infor- 
mation, 


above predic- 
Own series of 


are in accord wi 
shows that when 


a greater 


achievers (who 
anxiety), 
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TE can- be Shown tiat Spence's exu 
tion of these results is incompatible "Ad 
other data which are also in accord Mk. 
the present theory. Spence's account vith 
on the identification of task difficulty ‘bit! 
the relative strength of the correct ha "m 
in the subject's habit-family bier 
Thus, for Spence the observed intera 
is interpreted as signifying a relation di 
between performance and the objecti 
ficulty level of the task. On the 0 m- 
hand, the attributional theory of perfona 
ance explains the same results as due u a 
subject's selection of an effort level WE 
on his perception of the task's dif " 
regardless of whether this perceptio! by 
veridical. An important experiment a 
Weiner (1966) demonstrates that the Fa 
sent theory is correct on this point. W p. 
experimentally separated objective oet 
perceived task difficulty by leading subje at 
to believe that they were succeeding 4 
What was an objectively difficult task an 
that they were failing at what was * 3 
objectively easy task. Under the assu 
tion that continued success leads to as 
perception that the task is easy wher 
continued failure leads to the perceptio. 
that the task is difficult, the two grou 
Were so constituted that one worked on Kr 
objectively easy but subjectively dif 
task and the other on an objectively B 
cult but subjectively easy task. We 
found that subjects high in anxiety aie 
superior to low-anxiety subjects in iof 
Second of these conditions, but were infer 
in the first. Thus Spence's data concet T 
the effects of task difficulty on performat, 
Were reversed, Y et, according to Spence 
view, since the habit-family hierarchy M. 
hot affected by these experimental MS 
tions, the results should also not have ize 
altered. To be sure, Spence recog" ire 
that the experience of success or fal of 
influences Performance, but his pa. 
postulates that this influence is medi a 


: : ch | 
by a change in anxiety level. Suc". 


1 mini 
change could either improve or dimi" 
the perform 


H 
ormance of all subjects, t na 

on the difficulty of the task ; but it cou 
t Weiner an 
full replicatioy 


t 


ted * 
d Schneider (1971) have repo" 
1 of this finding, 


Wwe 


z 
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result in the reversal reported by Weiner 
of the usually obtained interaction between 
ifficulty and anxiety. 

More complete confirmation of the pre- 
Sent analysis comes from the experiment 
by Atkinson discussed in an earlier section 
Atkinson, 1958, Ch. 10). In that experi- 
Ment, level of performance was measured 
àS a function of perceived difficulty, the 
atter quantity being conceived as varying 
With the proportion of subjects who could 
Win a prize, Figure 5 shows the task per- 
9rmance data plotted separately for high 
and low achieving groups in the $1.25 incen- 
tive condition. Although the difference in 
Performance between these two groups is 
not Statistically significant for any single 
evel of perceived difficulty, one is struck 
Dy, the overall similarity between these 
empirical curves and the theoretically de- 
"ved curves of Figure 4. 


INTERACTIONS BETWEEN PERCEIVED ABIL- 
ITY, INITIAL PERCEIVED DIFFICULTY, 
AND SUCCESS AND FAILURE 


A number of specific predictions can be 
aie for situations in which subjects 
^ "x to have an initial estimate of the 

Sk s difficulty and subsequently also ex- 
Perience a series of successes or failures. 
tis in such situations especially that the 
present analysis is capable of generating 

tested hypotheses. Only the more im- 
t at of these hypotheses are outlined 
ee Cheir derivation follows directly 
E a Previously used assumption con- 

ng the effects of success and failure on 
a ceived diffculty: A series of success 
Ea a Slices (whether veridical or not) 
While, perceived. difficulty to decrease, 
VEU Series of failure experiences (whether 
ES un or not) causes perceived difficulty 
high E The analysis below refers to 
ion Cn pint achievement motiva- 
Ed EK qudetetanding that these 
on Perceived ane ee with high and 

4 wee abuity, respectively. 
Alternatively, 
ability. Al- 
hepockese eee these 
yl 5 discussed here 
assumption of 
à change in perce; 


Possibilities, the 
w equally from the 
eved difficulty or 


hve 
Ollo; 
Der, a : 

ere a change in 
Ived ability. 
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PROPORTION OF Ss WHO CAN WIN 
(PERCEIVED FACILITY) 


Fic. 5. Observed relationship between intensity 
of performance and perceived task facility for high 
and low achievement groups (adapted from Atkin- 
son, 1958, Ch. 10, p. 295. From Motives in Fantasy, 
Action and Society by John W. Atkinson © 1958 by 
Litton Educational Publishing, Inc. Reprinted with 
permission of Van Nostrand Reinhold Company). 


We first define a task as (subjectively) 
easy, if it lies within the range of perceived 
difficulties for which both the high resultant 
achiever's and the low resultant achievers’ 
effort functions increase with increased 
difficulty (range X to Y in Figure 6). A 
task of intermediate (subjective) difficulty 
is one which lies within the range Y to Z 
in the figure; by definition then, an inter- 
mediate task is one at which a high result- 
ant achiever believes he is capable of suc- 
cess, but which a low resultant achiever 
considers beyond his capacities. Finally, 
a task will be said to be (subjectively) 
difficult if it is perceived to be more diff- 
cult than Z, that is, if both high and low 
resultant achievers expect to fail at it with 
even maximal effort. 

Suppose that all experimental groups 
work on tasks of equal objective difficulty 
and that they all have equal average ability 
for the tasks; thus, performance level can 
be expected directly to reflect effort ex- 
penditure. With the definitions and as- 
sumptions introduced above, the following 
hypotheses follow immediately. 
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—— High Perceived Abili = High Resultant Achievers 
777 Low Perceived Ability = Low Resultant Achievers 


ES S 
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s 
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x 
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NC 
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NS 
s 
* 
2 x 
~~ Difficult —e2-5— Intermediate — e Y ——— e 
PERCEIVED FACILITY 
Fic. 6. Definitions of subjectively 


in terms of the relative 


1. Given a task 
easy, the experience of continuous failure 
(whether veridical or not) will result in an 
increase in the performance level of all 
Subjects, If failure continues to be forth- 
coming, all subjects will reach a perform- 
ance peak after which their performance 
will deteriorate, The performance of low 
resultant achievers will begin to deteriorate 
sooner than that of high resultant achievers, 

2. Given a task initially perceived as 
difficult, the experience of continuous suc- 
cess (whether veridical or not) will result 
in an increased performance level for all 
subjects. If Success continues to be forth- 
coming, all Subjects will eventually reach 
a performance Peak and then exhibit 

ecrease in performance leve], The per- 
formance of high resultant achievers will 


begin to decrease sooner than that of low 
resultant achievers, 


Given a task 
Intermediate in diffi 
cesses (whether veri 


initially perceived as 


a 


initially Perceived as 
culty, a Series of suc- 


( dical or not) will result 
in an improved Performance on the part 


of low resultant achievers but in a dimin- 
ished performance by h 

achievers, 

(whether veridical or ad to an 


increase in the Performance of high re. 
sultant achievers but à decrease in the per- 
formance of low resultant achievers, 


easy, intermediate, and difficult t 


effort functions of high and low resultant achievers, 


ich are 
There are data in the literature whic 
compatible with the above deriva 
But since experiments have not E initid 
assessed or Systematically varied s an 
perceived difficulties when succes ed, | 
failure manipulations have been Provide 
is not possible to claim that they Phua, 
strong verification for the theory. jes 0 
Several studies have found that a iem per 
failures (with an unspecified. initia ove 
ceived difficulty) resulted in an impr f 
performance among subjects low in Pe T 
(and so high in resultant achievement jane 
vation) but in a diminished perfor aed 
among highly anxious (low resultant arewa 
ing) subjects (Katchmar, Ross, & An Thes? 
958; Lucas, 1952; Zeller, 1951). esen 
ndings are in accord with the es 
theory under the assumption that the pef 
used were initially of intermediate ar 
ceived difficulty, Similarly, there M 
Studies Teporting that a series of o 
leads to increments in performance à anc 
high-anxiety subjects but to pectore 
decrements among subjects low in asara 
(Child & Whiting. 1950; Mandler & 9f 
Son, 1952) These findings too ar of 
accord with the attributional theory ly 
performance if the tasks used were ee r 
of intermediate Perceived difficulty. N c 
i » there is evidently a need fo ia 
investigations of the com 


m 


ed 
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oe on performance of initial perceived 
itheulty and success-failure experiences. 
i 
Š : 
GENERAL DISCUSSION 
Comparisons with Atkinson's Theory of 
Chievement Motivation 


E theoretical analysis most closely 
of b. Ay the present approach, in terms 
cf body of data it attempts to explain, 
the theory of achievement motivation 
ormulated and several times revised by 
f jj). neon „and his. colleagues (Atkinson, 
a i Atkinson & C artwright, 1964; Atkin- 
_& Feather, 1966; Weiner, 1970). 
pe theory also adopts the concep- 
Adds oundation of expectancy theory, but 
E to this a number of distinctive as- 
of Mone concerning the interdependence 
E uty and P, in achievement-oriented 
lations, the effects of the personality 
p Posons of need for achievement and 
“ety, and the relationship between SEL 
Called “motivational tendency") and per- 
ART level. "These assumptions need 
€ reviewed here. 
si s Seral of the resulting derivations are 
ar to those of the attributional theory 
= ,Oerformance. Thus, Atkinson's theory 
a peeditd, at least for subjects high in 
Ne ant achievement motivation, that the 
ES tionship between performance level 
ai ceived difficulty (which Atkinson 
ict. with P,) will be an inverted- U 
io On the other hand, achievement 
Shy Y suggests that the same function for 
à resultant achieving subjects will be 
po nyerted- U curve, whereas the pre- 
ie theory predicts another inverted- U 
hile translated to the right (see Figure 4). 
ie the data discussed in this paper 
E iin, 1958, Ch. 10) support the 
Soils ee this support i5 not as 
Er enne Due might wish. First, the 
and there Tie. employed female subjects, 
the Didi of. question about whether 
Sed is valid for femmievement motivation 
ilcox, & Atkinson, i953) eo peat 
nick aot 3). Second, Kara- 
ck and Youssef (1968) | 
instz >) have reported 
ance of the non.iny, à 
TMance curve for low achi ee pere 
achievers expected 


Se 
Cu 


be 
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by achievement theory. Thus, the issue of 
whether achievement theory or the present 
attributional theory is correct on this point 
rests on whether the Atkinson (1958) result 
or the Karabenick and Youssef (1968) re- 
sult proves to be reliable. 

A point of divergence between the two 
theories which at present favors achieve- 
ment theory has previously been men- 
tioned. The increase in performance level 
when the utility (incentive value) of success 
is increased, as observed in Atkinson (1958), 
is not explicable by the present theory. 
On the other hand, Atkinson’s theory 
which postulates (with some qualifications, 
e.g., Atkinson & Feather, 1966, pp. 318- 
324; Atkinson & Reitman, 1956) that 
performance level increases as SEU in- 
creases predicts precisely this result. If 
this finding should prove reliable, it indi- 
cates a need for future revisions of the 
present theory. Yet, the question of 
whether performance is generally an in- 
creasing function of incentive is far from 
conclusively settled. Even among experi- 
ments using animal subjects, it is not 
always the case that "response strength" 
(performance level) is observed to be an 
increasing function of “amount of reinforce- 
ment” (utility, incentive). Although the 
classical findings of Crespi (1942) and 
Zeaman (1949) indicate such a relation- 
ship, Snyder and Hulse (1961) reported an 
experiment in which neither the total 
volume of water available to thirsty rats 
after each trial nor the number of licks 
they were allowed to make affected the 
speed with which they ran down the alley 
after the training trials had been com- 
pleted. Also, Schrier (1958) has shown 
that monkeys given one, two, four, or eight 
food pellets for a correct response at a dis- 
crimination task do not differ in the total 
percentage of correct responses made; 
however, in an additional group which ex- 
perienced all four levels of reward in the 
pretraining period, performance proved to 
be a function of the amount of reward used 
during training. Thus, it is possible that 
the relationship between utility and per- 
formance is rather more complex than it is 
usually conceived. At present, neither 
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Atkinson's theory nor the attributional 
theory of performance are in & position to 
explain the precise manner in which per- 
formance level varies with utility. 

The fact, suggested by Atkinson's (1958) 
experiment, and strongly confirmed by the 
experiments of the Spence group, that low 
resultant achievers perform absolutely bet- 
ter than high resultant achievers when the 
task is perceived to be easy favors the 
present theory. The attributional theory 
of performance directly predicts this result, 
whereas Atkinson's theory, as well as its 
later revisions, would seem to predict that 
à group of subjects low in resultant achieve- 
ment motivation could never exceed a high 
resultant achieving group in performance. 
Yet this point too cannot be said to be 
conclusive. For if achievement theory 
adds the assumptions (a) that subjects 
labeled low resultant achievers in most 
experiments are still relatively high in 
resultant achievement motivation, and (b) 
that the higher resultant achievement 
group perceives the task as being easier 
than does the lower resultant achievement 
group, then it follows that the lower re- 
sultant achievers will perform better than 
the higher resultant achievers. These two 
assumptions, although Post hoc, are not 
unreasonable. Since the subjects used in 
experiments are zenerally college students, 
it may well be that those persons extremely 
low in resultant achievement motivation 
are excluded from consideration. Further, 
there 1S some experimental evidence that 
high and low resultant achievers diverge in 
difficulty in the 
r this explanation (McClel- 


and, 1961; Ottharst, 1955 t However, 
tkinson does not consistently invoke this 

latter assumption in experimental situations 

where it would substantially modify his 

theoretical predictions (see, for example 

Atkinson & Litwin, 1960). 1 
Finally, the findings that | 


achievers 


low resultant 

e but improve 
after success, can be equally well explained 
both by the present theory and by achieve- 
ment theory. 
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mee -tve CU 

In sum, it is clear that a definitiv 
parison of the adequacy of the two l 
must await further research. 


Theoretical Extensions 


en 
The arguments in this paper have Ee 
undertaken with severely limiting ASe 
tions. In particular, the assumptions inty 
each effort level is associated with wi ; 
to a specific outcome, and that ea oie 
results in one of only two possible 
comes, restrict the range of applic aig 
of the theory to a far greater degree t s 
necessary. Derivations for skill situa nde 
in which chance also plays a role, or W ro 
tasks have an indefinitely large A. E 
possible ou tcomes, pose no serious dif ibu- 
ties. The basic principles of the atan y 
tional theory of performance were ini ses) 
formulated for these more general Cin 
and it remains only to draw out the imp 
tions of these principles. Se al 
The familiar performance theo a 
Spence, of Mandler and Sarason, an to- 
Atkinson are also restricted to dichos 
mous-outcome tasks, the two outcon 
being conceived as success and failure d 
Atkinson, and as the emission of pi he 
COrrect or an incorrect response by i 
other two theories. It does not seem e 
this limitation is any more inherent d al 
conceptual apparatus of these theories t 5 
it is in the Present theory's. In oad 
Logan’s (1956) micromolar analysis valle 
sists in part of an extension of the E 
Spence approach to multiple-outcome E ul 
tions. However, it is more doubt 
Whether the Classical performance eM 
can, without significant revisions, Sail 
ceptualize task situations where bone 
and chance determine outcome.’ Nec 
thus share the Shortcoming of havin a 


Sufficient means for the description ture 


wide variety of p 
which differentiall 

On the other I 
contains an expli 
thus 


erceived task struc 


y affect performanC? y 


hand, Atkinson's th an 


i cit theory of choice 3 
Is relevant to a large body of da 


theo 
* Feather (1967) has discussed the sort of “io 


: HE ory 
retical revision necessary for Atkinson’s the ce 
be capable of 

Situations, 


pan p 


| 


: ilies 
dealing with mixed skill 
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ch m present theory does not address 
E tion " T however evident that the attri- 
ee T pd of performance provides a 
RIA a RE in terms of which a 
a be choice can readily be formulated. 
M rope one can adopt a modified 
BAG of the choice principle employed 
E ma on that the alternative with the 
ju EU is likeliest to be selected. 
“the attributional theory of performance, 
Pone function of effort. One may then 
E. "à that, of a set of available alterna- 
fa E Xs XP. », Subjects first calculate 
s ach X; the maximal SEU possible for 
Aa ae ae level of E, and then select that 
any a dose maximal SEU is greater than 

EX s is action's. An elaboration of such 
fuo a principle within the attributional 
Ei of performance will provide new 

S for testing the relative merits of 


th ^ " 
€ present approach and achievement 
t Neory, 
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Cognitive r 
ment. 
tion,” 


Because residues remain “intact,” 
Residual reification contradicts re: 


sidues are structures that were absorbed or displaced in develop- 


they seek expression or "reifica- 
ification of predominant structures 


and so it requires a special innocuous context which is provided in fantasy. 


Residual fantasy is selí-regenerative 
perceivers assimilate residual fantasy express 
ing constructs which later become residues. 
over generations and is abetted by the grow 


cinogenic drugs may occur when techno 
To reduce formation of residues, parents may indicate 


become inaccessible. 


within and among individuals. 


Naive 
ions of their elders, thus form- 
Residual fantasy is transmitted 
th of technology. Use of hallu- 
logical means of residual expression 


the special context of fantasy and prescribe a wide variety of clearly fantastic 


exposures for their children. 


m saa of fantasy have been explained 
ormaliz E three models. The first has been 
Second le and widely promulgated. The 
Parent] ve not been formalized but has ap- 
social 2 been intuitively accepted by the 
Da vet tga community. The third has 
Will be en ee os in the public domain. It 
second Kon ir of this paper to formalize the 
the third. el and to introduce and elaborate 
MEM of wish fulfillment repre- 
antas Arst model. According to Freud, 
o eli de the disguised expression 
he: ee = sexual drives. The purpose of 
Decir AR is gratification of the drives. 
a renew T) gratification is only temporary, 
Bratificati cathexis becomes necessary when 
nA 2 wears off. For our purposes, 
Model or consequences of this “hydraulic 
interpret fantasy have been the symbolic 
and qu ation of dreams, projective testing, 

e€ psychoanalytic interpretation of 


vi 
Es art, as it has been discussed by Freud 
(1961. 1916), Devereux and LaBarre 


(19655' 
ds he S 
embodied ; 


5? Ehrenzweig (1962), and Waelder 


Bw In the view of this model, fan- 
Presents the “reification” of newly 


oR 
A pedu i 
A ests for reprints should be sent to David 


Pan eSenbaum : 
Cnnsylvania aoet e tbiore College, Swarthmore, 


The importance of the theory is considered. 


evolved, though still tentative ideas. Reifica- 
tion will be explained in a subsequent sec- 
tion of this paper. For present purposes, 
therefore, the exploratory model will be 
elucidated by way of example. The clearest 
example is science fiction. The author of 
science fiction invents unfamiliar situations 
which demand novel responses. He “tests” 
his new ideas for the possibility of their 
actualization in the environment by exploring 
their consistency with each other and with 
the physical world. Once a possibility of 
occurrence is established, the implications of 
this possibility are explored. A second ex- 
ample of exploratory fantasy is the vicarious 
assumption of roles. As Sanford (1955), 
Parsons (1961), and Burton and Whiting 
(1961) have pointed out, children rehearse 
in fantasy the behaviors appropriate to roles 
they may wish to assume. Their covert 
assumption of these roles lets them test wide 
varieties of behavior without running the risk 
of being punished for violating the rules of 
conduct prescribed for children. Tt should 
be obvious that the interpretations of both 
of these examples presuppose a great deal 
about cognitive mechanisms and motivation. 
The speculation attached to the examples will 
hopefully be substantiated in a satisfactory 
way as the discussion progresses. 

The third model posits fantasy as an ex- 
pression of cognitive structures modified in 
Fantasy is seen here as an 


development. 
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expression (or reification) of cognitive 
structures which remain “intact” in the mind 
after being displaced or absorbed by other 
structures. The modified, remaining struc- 
tures, or what I have called cognitive resi- 
dues, will occupy the main focus of our atten- 
tion in this paper. 
will be devoted to two major implications of 
the residual model : (a) 


growth of technology and which has recently 
been manifested dramatically in the wide. 
Spread use of drugs, (b) At critical periods 
of development, it may be Possible to prevent 
of large numbers of cognitive 


amined to 


thought to be mutually 
No logical inconsistency rests 
in the Statement of their Coexistence or in 
their joint operation in man. In juxtaposing 


the three models, it has been implied that 
social Scientists should he i 


fantasy the expressio; 
and Conservatism as 

here this broadened y; 
hindered is in 


meant by “epistemic curiosi 


nean OSity and Conserya 

tsm” and reification,” 1e next Section 

should help to clarify these Concepts, 
RErFICATION 


Reification can be defi 


tendency to seek the fulf 
tions in as wide 


expectations allow, 
can be said to encor 
interactiona] field be 
ment, 


Ded here as the 
Ilment of 


of experience as 


Levels of Activity 


Reification Operates on 


an active and less 
ict 


ive (though not Passive) leve], The cog- 
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nitive processes of each of the levels e) 
related to Kelly's (1963) functions of P 
diction” and “control” and to Piaget's E 
1952b, 1957, 1970) functions of “accomm 
dation” and “assimilation,” ‘sad DN 
The less active level is character 2 
expectation alone. The individual pre a 
events without affecting the environment É 
a way that will maximize the chances of gr 
filling his predictions. Tf predictions a 
true, correctly anticipated events are ane 
lated into the Cognitive structure, Tf B h 
dictions do not come true, some accom M 
tion becomes necessary, The existence 5 
this level of reification is perhaps more E. 
dactically appealing than theoretically k: 
practically possible. By virtue of the peg 
chological Pervasiveness of the meam 
inducing field, any prediction nece 
affects this field in an active way. Ped 
more, ESCEDUVity: to environmental p a 
nomena js shaped by expectations, as T! 
search in perception has demonstrated (e£ 
Wallach, 1956; Zangwill, 1937). EA... 
ie More active [evel of reification 1 
more realistic, Here the indi- 
trols his environment by aoe 
events (and Objects) in a way that es 
Maximize the chances of fulfilling epe 
tions about them. The individual not Oe 
assimilates Events which happen to confe 
to his Predictions put actively shapes thes 
rvents (as much as Possible) to guarantee 
their conformity. Perhaps the most obvion 
example of this process is goal-directed ae 
ity, As outlined by Miller, Galanter, E 
Pribram (1960) in their TOTE sequ 
or plans, the organism continues to an 
until the goa] of its action has been ace 
Spiro (1964) has indicated that the a, 
ence of goals implies cognitive aqu 
Concerning form, meaning, and the ee 
Of action. Klein (1958) Tias shown that t n 
terminus of Soal-directeg action must be aa 
initiating inter e 
In light of the present discussi h- 
yY „an be defined as the accomplis 
^ i An action is pee 
n expectations about its rd 
" the goal-directed Ue his 
8 artifacts, for example, rti. 
Sed adequate when the a 


are realized. 
o manufacturin 
activity is jud. 
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facts have 
orm, 


been completed in their expected 


of pa directedness is not the only instance 
irons. active type of reification. Social 
M mem as Schachter (1959) has 
ton, M dace function of selí-evalua- 
tion p SCHCY causes neural excita- 
DIS ar Mn provides sensory feedback for 
and qusnism—Held's (1965) "reafference' 
re roland’s (1932) more general “retro- 
Notion Although it is possible that 
m fact Magen and sensory feedback may, 
of diei PESE goal-directedness,* both 
firm ae An ormational sources serve to sann 
and ein adia anticipations about social 
stands + Ps effectiveness. Future behavior 
operatic tye chance of being confirmed as 
evaluatie (or functionally ) successful once 
alve and feedback information is used 


to ; s k 
modify behaviors which contravene ex- 
Pectations. 


Ebistemic Confidence 


Bane s rien of reification includes a 
Reificati or a kind of “epistemic confidence” : 
experie en operates in E as wide a range of 
Eon as expectations allow”; stated 
ss ma differently, the breadth of experi- 
Predicted amenable to prediction is itself 
of limit and thereby limited. The extent 
Eu non is determined by predictive 
denotes P and "risk. Predictive necessity 
CARS the need to predict events whose 
Jasic Ex determines „the fulfillment of 
ogical "aintenance requirements. (e.g., bio- 
m p; Psistence) of the reifying appara- 

* Aisk denotes the expansibility of the 


‘nScribing ,Boal-directedness to the two cases 
Neverthe, taking a considerable teleological risk. 
Meaq Cess, the suggestions of Piaget and G. H. 
x to name a few, raise at least interesting 
Phical questions about such a possibility. 
e 5 has spoken of the "Construction 
i, 8nd Mead (1934) has insisted that the 

determines the environment . . . the 
vironment e is in a sense responsible for its 
Brandiose «: [pp. 129-130]." Assuming this rather 
Ho oway imposition of arbitrary form,” to use 
ae the TE phrase, any actions initiated 
S ations of ihe wena Lees r ead Jub 
ra, P), ania’ (drawing freely 

er than a Vea ation" is an intended 
vould, ; ve operation, all voluntary 

» In fact, be goal-directed, 


Philo 
o: 
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reifying ken. t is this latter ingredient 
which accounts for varying ranges of reifica- 
tion. Since the ability or inability to pre- 
dict events must itself be predicted, the indi- 
vidual regulates his predictive activity ac- 
cording to his "confidence" in his predictive 
capacities. His confidence is largely shaped 
by his previous experience, especially by the 
informational content of past evaluations 
and feedback. Depending on the extent of 
his confidence, he may exhibit more curiosity 
on one hand or more conservatism and 
avoidance on the other. Curiosity implies an 
ever-widening field of reification, while con- 
servatism implies a stable and restricted 
reifying field. It is unlikely that either one 
of these tendencies ever exists without the 
other in the individual's cognitive frame- 
work, as Hunt (1961, p. 269) and Prentice 
(1964) have said. The coexistence of 
curiosity and conservatism is vital to the in- 
dividual's successful adaptation in the envi- 
ronment. The two tendencies, respectively, 
ensure adjustment to novel situations and re- 
tention of capacities and concepts acquired 
in past experience. 


Conflict 

Reification is most clearly manifested after 
its own failure. When surprise follows cer- 
tain events, it can be inferred that these 
events were not expected but that others 
were. It can be surmised that a conflict 
existed between what was expected and 
what actually occurred. This assumption 
has been supported by Charlesworth (1969) 
and has been applied empirically by Bower 
(1971). For our purposes, there is a two- 
fold importance to the assumption. First, 
reactions to conflict can be used to test the 
presence and scope of the reification process. 
Second, the range of experience in which 
conflict is perceived demonstrates the per- 
vasiveness of the reifying field. 

Reaction to conflict extends from the phys- 
iological to the conceptual level. The phys- 
iological responses to conflict have been 
described extensively (Jacobson, 1926; 
Landis & Hunt, 1939; Skaggs, 1926; 
Strauss, 1929). Berlyne (1962, 1964) has 
indicated the “attention value” of these re- 
sponses, much as Piaget (1952, 1957) has 
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shown their "curiosity value" and Pavlov 
(Charlesworth, 1964) has proclaimed their 
values as “orienting” reflexes. The values 
ascribed to these responses have been deter- 
mined from the perspective of their general 
function—reduction and, if possible, resolu- 
tion of the conflicts which induced them. 
The specification of this function has been 
supported by empirical data, most notably 
that of Festinger (1957, 1964), and has 
been invoked as an essential input in the 
Piagetian model of development. It is not 
necessary to review the means of conflict 


reduction here, although Berlyne's (1964) 
article "Toward A T} 


havior : Conceptual 
Curiosity" 
at the tendency 
ct reflects the 
ances of the re- 
events. By re. 
t, the individual 


reification in future experience, 
The range of experience in which conflict 
is perceived indicates the pervasiveness of 


the reifying field, Charlesworth (1969) 
has observed th ved be- 


tween external stimuli, between internal and 


between internal 
experience covered 
(1957) "cognitive dis- 
Sonance," Abelson's (1958) "cognitive im- 


balance," and Berlyne's (1964) "conceptual 
conflict” seems to substantiate Charles- 
Worth's claim. The inclusiveness of the con- 
flictive classes above authors 
€ness of the reify- 
nceived here, ` 
Structural. Basig of Expectation 


in Festinger’s 


In discussing reification, 
Sary to specify the nature of expectation, 
What is it that is expected? Is there an 
isomorphism between what is expected and 


what the content of an expectation refle 
the mind? An answer 


in structuralism: An 
the anticipated reflecti 


it becomes neces- 


cts in 
to these questions lies 
expectation embodies 
on of cognitive struc- 
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tures in the environment, Reflection € 
enactive, ikonic, or symbolic 3 (one 
Olver, & Greenfield, 1966) extension. Ne. 
nitive structures have been defined by "e 
(1970) as "systematic wholes of se Ls 
wating transformations Ip. 44]. f ‘ele- 
(1970) has defined them as “sets 9 abe 
ments between which or between a 1 
sets of which relations are defined [p eS in 
Oldfield (1964) has defined structure. 
terms of circuital storage devices used 4 
computers. Not to take issue with an 
the above authors, for all of their definitio 
are compatible, cognitive structures ons 
What will also be called schemata and E On 
structs—can also be thought of as -«—-— 
implicit beliefs about the way things opem 
Gravity, causality, and transitivity are rea 
sentative beliefs. By identifying these irly 
liefs, reification can be discussed in fan fs 
definite terms, Assuming a belief in ga 
for example, (most) objects will be E. 
to remain earthbound, ^ Should it occur ‘the 
all familiar objects float off into space, a 
expectation about gravity would be n to 
tradicted and would have to be reshapec 
account for this unprecedented event. S 

This simple-minded example illustra 2j 
"equilibration of assimilation and T 
dation," which has served as the basic mec 9t 
nism in Piaget's model of develapme 
According to Piaget, cognitive modifica | 
is caused by the disequilibrating experie! ns 
of conflict between structural anticipate 
and feedback, Some debate has arisen ee 
the sensitivity to conflict among yet 
Which coexist in a given stage of deve has 
ment. Structures at the same level, 1t fict 
been argued, should not experience con ges 
if the (potential) anticipations of later es. 
are violated. Thus, acquisition of any 9 ab 
of development should be final as lone ne 
anticipations derived from structures of ;e 
attained level Flay 
and Wohlwi]ll (1969) have answered, fi 
argument. Drawing on data from emp; 
lests of the intertask consistency hypotl 

4 


implied in Piaget’s notion of stage. 
have recognized 


tion period for 
he transition 
"stabilization" 


are not contradicted. this 


pests 
they 


s : ranst^ 
a need to identify a tr? 


yen" 
each stage of develop. f 
S ae " o 
period includes a pe new 
o eke; 
and “consolidation” o 


y 


COGNITIVE RESIDUES 


constructs. Flavell (1971) has also ex- 
panded the concept of transition to include 
Ee development of stage-specific 

5. Post-stage development includes the 
pem attainment. of "functional maturity" 
ther oe tenis, that is, the highest level of 
feit A ity : and utilizability. Asa 
qoe the transition period and post-stage 
E ment, developmentally heterogeneous 
ne bei exist together. This results in 
fors pem reactions to conflictive situa- 
En hich further results in conflicts 
this i| mg structures. To appease 
c beoe ict, further modification becomes 

C sary and development continues. 

poe then, provides strong evidence 

Structures rely on reification. Klein 
(1958) has gone further to say: 


tructures, once formed, seem to require a guaran- 
ee of their appropriate level of stimula- 
enar. particular irequency ot contact with par- 
realms of objects and properties of objects. 
te daa alterations in the level of environmental 
ae pee low or too high—can cause adap- 
Structures to lose their effectiveness [p. 113]. 


ee conclusions are largely drawn from 
ic b (1955), Piaget (1952), and Rapaport 
ih eh The "particular. realms of objects 
cay Te ga of objects” that he mentions 
cantent. ze understood as reflections of the 
viron 5 of cognitive structures in the en- 
adds ment, His assertion, if it is correct, 
ion an additional source of proof to the 
lon that structures rely on reification. 
un d final note in this section on reifica- 
vereif H use of the word can itself be di- 
reificatig, In view of the active nature of 
ETA to reify a cognitive structure is to 
vironn mnd influence its reflection in the en- 
n cn: a structure can be considered 
vironn eee its expected reflection in the en- 
Ere tent has occurred ; a structure that can 
Cified is reifiable and has reifiability. 


RESIDUES 


Ya: 
o user (1962) has described three types 
Absorption B accommodation. ‘ The first is 
new, inclus old schemata are ingested into 
an effect Pep schemata and continue to have 
be individu; weed although they cannot 
aema ay recalled. T he second is dis- 
nt: “Part of the cognitive apparatus 
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does not evolve, but continues to exist side 
by side with a new schema which assimilates 
the same environmental events in a different 
way [Neisser, p. 64].” The third is inte- 
gration: “a step to another level of abstrac- 
tion or understanding, in which outputs of 
the older models of processing are only part 
of a more comprehensive whole [Neisser, pp. 
64-65].” Of the three accommodative meth- 
ods, absorption and (particularly) displace- 
ment hold the most interest for us. Both 
of these methods yield modified structures 
which remain “intact” in the cognitive frame- 
work. The modified, remaining structures 
will henceforth be called cognitive residues. 

Turning to the previous discussion on 
reification, the presence of residual structures 
implies the reifiability of these structures. 
Because of the reliance of structures on reifi- 
cation, the probability of residual reification 
is high. But residual reification seems 
doomed to fail. Residues become residues 
because they are not reified. They are dis- 
placed or absorbed by new structures which 
are reified and which, consequently, can be- 
come predominant in the cognitive frame- 
work. As long as these new constructs 
remain predominant, it can be assumed that 
they find continual reification in the environ- 
ment and that residues do not. This means 
that if residues are to be reified, they must 
be reified in some environmentally anoma- 
lous way. Furthermore, their reification 
should not be reprehensible to predominant 
structures but should at least be granted a 
special context to prevent contradiction of 
the new structures. In this connection, the 
author would like to propose that such a 
special context may be provided in fantasy. 
Through fantasy, cognitive residues may 
accomplish reification. 

The following examples will help to illus- 
trate what is meant. All of the situations 
have actually been observed. 


[Example 1]. A magician passes an object 
behind a handkerchief, then snatches the 
handkerchief away to reveal that the object 
has disappeared. The act is performed be- 
fore an audience of adults and adolescents. 


Piaget (1954) has shown that children in 
the sensorimotor period of development 
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(ages 0-14 years) only gradually come to 
understand the permanence of hidden ob- 
jects. Thus it is possible to interpret the 
magician’s display as a means of reitying 
residues which were formed in the minds of 
members of the audience during development 
of the object concept. 


[Example 2]. A character in an animated 
cartoon runs over the edge of a cliff, stops 
in midair, stands still for a few seconds, looks 
down, realizes that he should fall, and finally 
does fall. The cartoon is watched by chil- 
dren and adults in a movie theater, 


Two interpretations can be made, the first 
in reference to the sensorimotor period, the 
second in reference to children’s egocentric 
beliefs, Tt can be claimed, first of all, that 
the cartoon reifies sensorimotor Structures 
which (incidentally) allowed for the Suspen- 
sion of objects in midair. The sensorimotor 


child who has not yet grasped the object 
concept is: 


to the 
ption . [Piaget, 1954, 


and 
on the space around Piaget's hand. Assum. 
mg that the Cognitive Structure which 
allowed for this kind of 


) I visual search re- 
mains, the animated carto 


as a reification of this resi 
character's fall is delayed by the unerring 
horizonta] direction of his movement, 


due. 


pa ga period as the 


nt allows. 


ments of ac. 


commodation peculiar to Preceding percep- 


tions. 


The second interpretation pertains to ego- 
centric thought. In The Chita’s Conception 
of Physical Causality, Piaget (1930) ex- 
plained that children see themselves as the 
center of Causality in the universe, A well- 
known example cited by Piaget is the sub- 
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ject who says that the Arne River flows E. 
cause men row their boats on it: n E. 
Oars are used in the water, the river a 
not flow. Another example is the child Nie: 
believes that clouds move only when he M 
In the case of the cartoon, it is signi 
that the character falls only when he rea aa 
that he should. Hence, he actually His 
termines the operation of physical law. m 
determination of gravity can be inter 
as a reification of residues of earlier d 

tures which sanctioned egocentric thought 


| Example 3]. A magician pours the E. 
tents of a tall, thin beaker into a short, f the 
beaker. Then he pours the contents E 
latter vessel into a tiny glass which is i ers: 
shorter and narrower than each of the ot E ol 
The act is performed before an audienc 
adults and adolescents, 


e 
It is conceivable that the perform 
reifies cognitive residues associated with as 
servation of liquids. Piaget (19520 
proved that young children center fa 
attention on either the height or width E n- 
vessel to estimate the volume of liquid iene 
tained in it. Tf the child centers on rag 
he will say that the contents of a tall, t rt, 
beaker diminish when poured into 2 mE 
broad beaker. ]f he centers on width 
will hold the Opposite viewpoint. Later, on- 
child learns that the volume of liquid is ec 
Served, regardless of the shape of 2 e. 
tainer, The magic act described above se on- 
to present proof of the height-centered “ihe 
ception of conservation, By emptying the 
contents of the short, stout beaker te 
tiny glass, the magician demonstrates ker’ 
there “really” is more liquid in tall bea is 
than in short (and stout) ones, This in 
made clear by the profound different a 
height between the first and third bea 


5 
€ nes 
in the pouring sequence. The narrow Jor- 
of the third beaker is theoretically un 
tant in 


. 1 a 
the performance, Since height E 
is being Promoted as the determinan 


; tec * ak 
volume. The tininess of the third d 
helps add 4 Sense of drama to the den 
stration, 


ised 


Two foresee first 


against the ab 
Contests the 


ra 
able challenges can Es p 
Ove interpretations. T ee 
ascription of residual bas 


- o 
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the fantasy expressions that have been de- 
s Dr should it be assumed that 
ms amples of fantasy „are related to 
E residues? Isn't it possible that 
epee enjoy seeing violations of 
or td diss The challenge can be met 
Büsslon imei „First, the previous dis- 
sed 1 reification has pointed up the 
i sed of reifying activity. When 
pum se situations are purposely sought, 
sagging either that curiosity is being 
on t m which case the range of reifying 
ie = being extended for existing struc- 
epa that testing of newly evolved 
E P 1 tentative constructs is occurring, as 
C oratory fantasy. _ For the examples 
den considered, there, is considerable evi- 
Je Pec. from F jaget, that there were 
s dta in the mind for which 
Cg c fantasy presentations were non- 
snl n SS If the argument for reification 
Rvs rusted, attributing fantasy to struc- 
area whose reifications were least con- 
ird v: in this case, nonconflictive, with 
P» " c fantasy expression 1$ more justi- 
ih E fantasy to affinities for 
Words te efined kinds of events. In other 
fs an? 1 Structural homologies can be found 
aia oo of fantasy, these homol- 
aie aid ably reside in structures whose 
tay d can best be achieved in this fan- 
EN i ee Invoking ambiguous likes 
RSS "ES to explain the fantasy expres- 
Dott JA ps problematical from the stand- 
Bis ane definition and nonproductive from 
ndpoint of further research. 

a second response to the challenge is a 
Tin tation of the first. Granted that there 
Would Far structures whose reifications 
above uer been nonconflictive with the 
antasy expressions, it can be shown 

ese earlier structures are still active 
Cognitive framework. First, Piaget 
has observed residual behavior in 
Bles 2 lef reversions are made to old strate- 
(1960) ee Pinard and Laurendeau 
Tepresents eee ibat this behavior 
“Ccalages » E s j a of “horizontal 
atavism a = e opmental lags. The 
Ormer a ; a p a 
Tiefly after thee as it occurs only 
ation of the structure. 


in the 
(195 


Which br 
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The second source of evidence for the exist- 
ence of residues is Miller's (1971) research. 
Miller has found that 11-year-old conservers 
of weight are less confident about conserva- 
tion than was originally thought. These 
conservers, Miller has found, can be induced 
to revert to their earlier appreciations of con- 
servation. Whether similar research has 
been done for other concepts is not known 
by the author. A third argument can be 
made on a priori grounds: The retention of 
outmoded structures should prevent repeti- 
tions of the assimilative and accommodative 
processes that initially produced these same 
unsatisfactory schemata ; the outmoded struc- 
tures should stand as "reminders" of old, 
abandoned beliefs that should now be 
avoided. On the same account, the retention 
of the abandoned structures should help 
adults empathize with children by providing 
the adults with some recall of their own 
earlier beliefs. 

The second challenge to the residual inter- 
pretations of the above fantasy expressions 
disputes the existence of any cognitive struc- 
tures which could have served as founda- 
tions for the residues: The fantasy presenta- 
tions only have a reifying effect on the so- 
called residues because they contradict the 
expectations of later structures; there is no 
reason, therefore, for supposing that the 
fantasy expressions directly reify cognitive 
residues. This is an important criticism. 
One is hard pressed to notice that if the 
same presentations were repeated for chil- 
dren who had not yet reached the object 
concept or conservation, the presentations 
would probably not be appreciated as reify- 
ing or nonreifying. No matter what kind 
of proof might be given for or against the 
permanence of objects, for example, the pre- 
object-concept child would still act as if he 
assumed object impermanence. The non- 
conserver would react identically to demon- 
strations supporting or contradicting con- 
servation (Smedslund, 1961). According 
to the challenge being raised, it would be 
claimed, then, that there were in fact no 
earlier structures related to the phenomena 
that supposedly have a reifying value. It 
would be claimed, for instance, that it was 
not that pre-object-concept children had a 
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definite belief in the impermanence of hidden 
objects; it was rather that these p 
simply had not yet achieved an un Ens 
standing of the permanence of hidden objects. 
lt would be claimed, to use another ex- 
ample, that it was not that preconserva- 
tional children had a clearly defined belief 
in nonconservation ; instead, they had not 
yet developed a conservational structure. 
The truth of these statements would preclude 
the existence of residues if these residues 
were derived from purely fictitious struc- 
tures, 

There appear to be 
challenge. First, one can find residues de- 
rived from identifiable structures. Unlike 
the residues of Examples 1, 2, and 3, which 
were formed in the sensorimotor period, 
other residues can be traced to the preopera- 


two replies to the 


clear from the 
But there can be no doubt 
of structures in the pre- 
operational and, particularly, in the concrete 
operational Stages; indeed, the latter stage 
is largely defined by the broad Structuraliza- 
tion that occurs in it. Now two of the major 
belief "systems" characterizing the preopera- 
tional and concrete Operational stages are 
animism and artificialism, These belief sys- 
tems are discarded as maturation continues, 
Yet one has only to take a cursory look at 
fantasy literature, much of it written by 
adults, to see that it is replete with animistic 
and artificialistic references and themes. The 
reliance on animism and artificialism is, in 
fact, so common that specific examples of it 
are unnecessary here, It need only be 
said in sum that the expression of animism 
and artificialism in adult fantasy can be 
linked to the very same beliefs, which stood 
as prominent structures during childhood,# 
9A counterargument may be 
literature is written solely to 
interests and tastes; thus, the res; 
expression is minimal. The m 
challenge is that a large portion 
ture is not written for children, 
towards adults and adolescents. Further, the ab- 
sence of residual bases for fantasy literature would 
Presuppose an intimate familiarity with children’s 
tastes for all fantasy authors, Since this js not 


raised that fantasy 
satisfy children’s 
idual basis of the 
ain reply to this 
of fantasy litera- 
but js directed 
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The second reply to the challenge gr 
the possibility that some of the e 
Structures from which the residues phe 
may never have existed. This engl 
does not propose that the residues Fe 
formed ex nihilo. Instead, it proposes tha 
at least some of the residues may have been 
formed ex post facto. In explaining absorp- 
tion, Neisser (1962). for example, has 
cited the inability to decipher the rie 
of hidden-picture puzzles as representing 
constructs which later are absorbed into 
constructs that facilitate this deciphering. 
Remembering that absorption produces cog- 
nitive residues, it can be argued that residues 
could have been formed here even if they 
did not arise out of constructs per se, which 
prevented deciphering of the puzzle. After 
absorption, it became clear that the puzzle 
could not be deciphered before, That br 
puzzle could not be deciphered also entailed 
retention of what was inherent in the pre- 
vious understanding, that is, the nonunder- 
standing of the puzzle. Hence, a residue 
was formed despite the absence of a parent 
Structure. This Process may occur in the 
development of the object concept and con- 
Servation. In both of these cases, it is fer 
called that object Concept and conservation 
were not grasped before, The former ab- 
Sence of these concepts was what became 
embodied in newly formed residues. 


Resipuar MECHANISMS 


The coexistence of residues and their 
Structural successors necessarily causes con- 
flict. The reifications of the two types 0 
constructs radically clash, as must be the 


. " re 
case if one construct replaced the other du 


ing modification, As Berlyne (1964) has 
stated : 


- d " " Hibrit 
Conceptual conflict and its attendent disequilibrih " 
will not emerge until some external stimulus Pp? 


rocess 
tern, verbal or nonverbal, or some thought proc be 
Causes incompatible symbolic responses 10 
aroused in combination [p. 569]. 


Thus conf ict 


new 
structures js 


between residues and ions 
induced by the reificati 
the case, it Must be assumed that the au 
partly draw fi 


thor* 

h ; m chil 
3 rom recollections of their ow 

hood beliefs, 


Whicl NO ; 
! originate in both of these kinds of 


Constructs ; i d 
ucts : The reifications of new structures 


contradi resi 

reification residual reifications; residual 
a ER 

di NÉE contravene reifications of new 

aan S. The conflict between residues 


new ` 
onged | Structures is aggravated and pro- 
icula, 7 these contraventions, and par- 
ms Y by the contravention of new struc- 


tion QV. does ie aggravation and prolonga- 
ires A T has been repeated a number 
Predom; at structures are in some way 
nant in the cognitive framework; an 

S nt age new structures and the ego 
Me med inappropriate in this regard. 
attributable piu: of new structures is 
vironment à a their reifiability in the en- 
Bf o E to the less probable reifiabil- 

ja Ae nale residues. Because of the 
ch the T of reification, that is, the way in 
: arida, $ onment is shaped to ensure 
easily wy that are most generally and 
odifieq a are the ones that predominate. 
ructures that are not reified are 


acti 
whi 


Some} 

Bde 4 repressed, as for example in 

D ss (1947) "childhood amnesia." 
predominant structures are directly 


Co: 5 
IE jg acted or not reified, they temporarily 
Phrase) eir effectiveness" (to repeat Klein's 
Sion of LO less actively ensure the repres- 
Dewed bini Residues then have a re- 
they, e tone to become reified, since 
Strin their reifications, are repressed less 
Sently than before. 
ity US Process is responsible for the longev- 
cm te residues. Whenever a new 
tion, thie 18 contradicted by residual reifica- 
Mposes oo “falters” momentarily and 
allows tl $58 repression on residues. This 
he residues to seek more reification 
he uture, How does this occur ? 
Mentari ty structure “falters” only mo- 
Which cá because of the relative speed with 
Enn P reifications are recognized 
ieved sw , As soon as recognition is 
ual reific he information contained in resid- 
Ous, Cations is, in effect, taken less seri- 
i Pec would have been considered 
antastie . ive information is dismissed as 
1 tificato accordingly, compensatory or 
ave beer Ty processes that would otherwise 
! put into effect are not. Before 
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recognition occurs, however, the reifiability 
of the new structure is put into question. 
Because of the reification tendency, an 
attempt is made to promote whichever cogni- 
tive schema seems best reified by the con- 
flictive phenomenon. The least appropriate 
structure is the new one, while the most ap- 
propriate structure is, of course, the residue. 
Therefore, an attempt is begun to reinstate 
the residue into a position of prominence 
in the cognitive framework. This effort con- 
tinues until it is recalled that the residue 
represents an old, abandoned belief that has 
been modified in development. At this 
point, the residue is repressed once again 
and the new structure regains its prominent 
status. In this course of events, the residue 
did manage to ascend briefly in the struc- 
tural hierarchy. During the period of re- 
instatement, the residue indirectly gained 
reassurance of its validity. Thus encour- 
aged, it now continues to seek reification in 
order to prove its complete reifiability and to 
facilitate its reinstatement as a predominant 
structure. This effort is futile because resid- 
ual reification is recognized as such by pre- 
dominant structures. But the effort will be 
continually repeated because recognition 
will always take some time during which 
predominant structures will “falter.” 

Owing to this theoretical process, the fad- 
ing of residues is prevented. The mecha- 
nism is introduced because of evidence that 
residues remain "intact" in the mind 
throughout adulthood. The main source of 
evidence for the retention of residues is the 
enjoyment and production of residual fantasy 
by adults (see Examples 1, 2, and 3). 

If residues remain intact in the mind, 
there are many such residues. The abun- 
dance of residues is largely due to the ex- 
tensive structural modification that occurs in 
(early) development. But if many residues 
remain intact, this does not presuppose that 
each residue has its own separate reifica- 
tion in fantasy. Reifying each residue sep- 
arately would raise serious practical prob- 
lems concerning the time devoted to the 
expression of fantasy. 

Instead of separate reification, residues 
can be expressed collectively. Individual 
residues can be subtly reified in a collective 
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Teification which is clearly atavistic and 
Which can thus be easily identified as fan- 
tastic. The collective reification can be 
accomplished in the style or method of 
fantasy, as for example in the illogical 
Progression of events in dreams or in the 
idiosyncratic style of artistic expression. Of 
Course, structures are always reified col- 
lectively, since they are abstracted from and 
reapplied to a world of complex and inter- 
related events, Styles of behaving always 
reflect a wide array of cognitive Structures, 
whether these Structures are residual or not, 
Dut residual fantas its reflec- 
tion of former structures that have been 
modified, vents in dreams, 
causality and asso- 
Ses were conceived 
in infancy, reliance on animism 
in his paintings may be linked to his infantile 
anismistic beliefs which, as Piaget (1929) 
has shown, are common in young children, 
The spatial and temporal incongruities which 
characterize imposingly 


similar congruities 
that have been outlined by Piaget. 


is phenomenally distinct fro 
of individual residues, 


tion is devoted to the manifest content of 


dreams and fantasy (e.g., Eggan, 1961), 
the residual nature of fantasy style will hope- 
fully be clarified, 


m the reifications 
As increased atten- 


PROPAGATION 
Perhaps the 
of the theory of 
tion that fant 
generation of 
individual and 
ations, 


OF Fantasy 


most significant implication 


Cognitive Tesidues is the no- 
asy breeds more fantasy, 

fantasy Operat Í 
among individu 


i ack pro. 
cess which accounts for the longevity of 


residues, Residues remain "intact? because 
they are reified through fantasy, They are 
stimulated to seek further reification be- 


cause predominant Structures “falter”? when 
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confronted with residual fantasy. Bec 
residues stay “intact,” they continue 
spawn fantasy. :ndividuals 

Fantasy regeneration among indiv i 
exemplifies Maruyama’s (1963) TM 
Cybernetics": man imposes delusional E. 
tems on the environment and respon E 
these systems; his imposition of |. 
tems and his subsequent responses to The 
lorm a mutally causal relationship. "m 
next example and the discussion that fo 
illustrate what is meant. 


os d 
[Example 4]. A naive youngster uu 
flying man depicted on a movie screen. ovie 
film of the flying man was made by a nieve 
producer who wanted to reify a cogni he 
residue formed in his childhood when 
saw a painting of an angel in flight. ie 
Picture was painted by an artist who war ae 
to reify a Cognitive residue associated W 
Some experience in his childhood. 


Though the 

lines the reg 

viduals in s 
Because 


example is hypothetical, it on 
eneration of fantasy among ind 
ICCessive generations. NT... 
neonates are unsophisticon 
judges of fantasy and "reality" (Taylo i 
assimilations of fantastic an 
cepts are indiscriminate. ns 
sequently, their cognitive frameworks tent 
to internalize both kinds of percepts equally 
cognitive Structures which embody fantast! 
information are forme ME 
tures which embody realistic information 
Later, when the distinction between fanta 
and reality is learned, fantasy structures ne 
modified ‘and are subordinated to reali 
structures, Those fantasy structures we 
are displaced or absorbed become cognit!Y 
residues that are reified in fantasy. 2 
he transmission of myths and legends n 
emplifies this Process more concretely: 
Zxample 4, Stories told to children in SE 
cessive generations are almost always fa! 


d as readily as struc 


S : $ : he 
tastic. The stories are internalized by Be 
children and are ostensively believed wi 
true, Cognitive Structures which asst 


the Contents o 


are 
f the tales are formed and 2 
later modified 


: 157 
š when the fantasy—reality tion 
tinction js acquired. After this distinc 


is made, hearing the story is still enjoy 
: : ) ` cå 
because residues induced by the story 


bys 
t 
b 
I 


CocNrrivE RESIDUES 


ae Finally, it becomes satisfying to 
GM rt tale to children of the next 
li on for the same purposes of reifica- 
E enplici assumption in the above 
Retusted p is that myth transmission is per- 
bs. y the presence of residues induced 
ic op itself; the residues could only 
" iow ormed if the myth was recognized 
feet pe Considerable debate has cen- 
myth ES the assessment of fantasy in 
primitive legends, especially as achieved by 
fühl is Tyler (1871) and Lévy- 
primiti ( 26) discounted the capacity in 
More Ms peoples for fantasy recognition. 
D recently, Spiro (1964) and Spiro and 
ndrade (1958) have noted that young- 
oak eres assume the truth of informa- 
EL ee by significant others; the 
by ihe information is proved empirically 
ean E ON fact that it comes from signif- 
fin oa lers and that behaviors based on the 
ive mation are vital to the culture’s projec- 
E. none (Kardiner, 1945). On the 
Orie Eliade (1963) has remarked that 
ing Ree Pcs are capable of distinguish- 
Hallo PUE Stories from “false” stories. And 
“ery W Si (1955) has exclaimed that “Man’s 
distin rencs depends on making some 
ive ction between objective’ and ‘subjec- 
agree lp. 851.” All of the above authors 
i et rationality is culturally relative. 
ascril, d SEL RER hinges on the importance 
QUAS e to empirical evidence drawn from 

€ “Physical” world. 
ithout intending to resolve the disagree- 
i Some conciliation can be derived from 
e research of Taylor (1971) and from 
B e oSS-cultural study of cognitive growth. 
theres Pound that young children have an 
realis E ability to distinguish fantasy from 
Mas 7 as they get older ; the effect for age 
E eain to be significant at the .01 level. 
tai coral study has established the uni- 
quence 3s of the developmental se- 
ound ; (although differences have been 
In the age of onset of certain stages 


and in + 
Nd in the presence of late stages). In com- 


bing ; 

vest the two lines of research, the uni- 

eee of the developmental se- 
AS , Shou d guarantee the generality of 
Y'or's findings cross-culturally. At the 


Ster 


ment 
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same stage in which American children 
discover the fictitious nature of Santa Claus, 
ior instance, Senegalese children should 
grasp the fantasy attached to mythical char- 
acters specific to their culture. 

Of course, the probability of fantasy recog- 
nition in different cultures should be a func- 
tion of conflict induced by the fantasy. As 
has already been said, a central reaction to 
conflict is the attempt to prevent its recur- 
rence. Recognizing conflict that has already 
been mitigated serves this end. With recog- 
nition, familiar conflict is immediately re- 
solved, for recall of the conflict includes 
recall of the means used to resolve it. Con- 
flict recognition, then, is tantamount to con- 
flict prevention. Recognition especially 
comes into demand as conflict increases. 

Now recognition becomes most effective 
when it becomes generalized, when it applies 
to whole classes or types of conflict rather 
than to specific situations which are dis- 
sonant. Recognition of a broad category 
such as fantasy, for instance, is highly adap- 
tive, since fantasy is often responsible for 
vast portions of conflictive phenomena that 
irritate the child. Generally, this implies 
that the child is most likely to develop fan- 
tasy recognition as conflictive pressure im- 
posed by fantasy is highest. Moreover, a 
plethora of fantasy-induced conflict should 
help the child recognize the “common denom- 
inator" of this conflict, which is fantasy 
itself. The capacity for fantasy recognition 
should certainly be determined to a large 
extent by the overall intellectual maturity 
of the child. But just as conflict catalyzes 
intellectual growth, so too should it spur 
the advent of fantasy recognition when fan- 
tasy itself imposes this conflict. 

Once the child has been equipped with the 
ability to distinguish fantasy from reality, he 
can effect decisive modifications of fantasy- 
induced structures. Ironically, many of his 
modified structures continue to be expressed. 
On Christmas eve, for instance, when he 
does not see or hear Santa Claus climbing 
down the chimney, the young child finds 
Santa's absence inconsistent with his fan- 
tasy-based expectations. To mitigate the 
resultant dissonance, it becomes necessary 
to modify the belief in Santa Claus. The 
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structure or structures which allowed for his 
existence are Tecognized as fantastic and 
may be assigned residual status. Still, see- 
ing Santa Claus in a shopping mall next 
year, for instance, will be enjoyable. Years 
later it will be Satisfying to expose children 
of the next generation to the jolly fat man 
in the red coat. Presenting Santa Claus to 
these children will cause them to believe in 
him, since he will have been introduced by 
a significant other (i.e., the parent). Trans- 
mission of the Santa Claus myth to children 
will also effect a wider population Which ac- 
cepts his authenticity, Much in line with 
Asch’s (1955) findings, this expanded pop- 
ulation will help Socially substantiate the 


parent’s (atavistic) belief in the real exist- 
ence of Santa, 


This process will re 
Over again. Whether i 
gous form in non-Western Societies can at 
Present only be a moot point. Nevertheless, 
it is hard to imagine that the germinating 
factor of contradiction and modification of 


“delusional” sets can be entirely prevented 
in any culture, 


Peat itself over and 
t will occur in analo- 


Technology 


A central element 
fantasy is the technol i 
be argued that the grow 
promoted an 
f 


"convincing" 
Since cognitive 
are meant to 
“Teal” world, 
ul when they 
Predominant 


sidues, 
residual or not, 
be applied to events in the 
reifications are most successf, 
are high in Verisimilitude - 
Structures are best reified 
in the environm 
by Conditions w 
their predomina 
Now technology 
similitude of residual 
The hypothetical 


by 
ent; residues a 
hich 


facilitate the veri. 
EXPressions of f 
“Santa Claus” 
example, can best i 
someone in a red Suit, white beard, etc. B 
using these materials, the actor looks more 
like Santa than another actor who is un- 
disguised. This is not to suggest that resi- 
dues are best reified by reproducing those 
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idual 

percepts which initially spawned peres 
structures. In the film of the flying 
for x or 
despite the fact that its initiating pereen 
the producer was a static picture. Tt E re- 
reasoned safely, then, that the painted g 
sentational percept of the flying man Mes 
Stracted into a more general construct “This 
had an enactive reificational field, vents 
Process of abstraction to enactive ae 
comprises a basic component of us. o 
formation prior to the develépmi ae 
Propositional logic in the formal opera 
stage. ed 

The growth of technology has pron 
an expansion and intensification of tet 
through the course of history, because veri- 
nology has allowed for an increased. the 
similitude of fantasy expression. As oie 
familiar case of the flying man, develop! nore 
of animation in cinema. allowed for Y d 
lifelike Presentation of human flight zai 
was possible in static paintings. The de- 
finement of painting allowed for a VE. d 
tailed and lifelike presentation than ¢ 
have been achieved in primitive art. le of 

How did the increased verisimilituc E 
fantasy expression cause an MADE Fi er 
intensification of fantasy? First, a M 
ATELY OË [cognitives residues, could: bè subtle 
as technology developed. With more Et 
means of artistic expression, more AM. y 
residues could be expressed. Conseque! ex- 
people in Successive generations were sid 
posed to more and more expressions of ures 
ual fantasy. More preresidual struct in 
were formed as a result, and after b. 
residues these Structures required their re 
reification through fantasy. Second, lily. 
residual structures were formed more es ua 
and thus more profusely, as the reni 
expressions of earlier generations beca ni 
more lifelike, Recalling that the develof gi 
individual is first sensitive to enactive, eni 
to ikonic, and finally to representational E6) 
cepts (Bruner, Olver, & Greenfield, B 
the very young child is prone to a an^ 
more Straightforward presentations O 
tasy than highly Symbolic and abstract P 


sentations. 50, because learning © lof" 
fantasy- reali, distinction parallels dev a 
ment of 


ae : resen!“ 
sensitivity to ikonic and repres 


3 : i made, 
instance, this presentation was mco, 


P 


» bolic presentations 


COGNITIVE 


tiona ercepts : 
hal percepts, very young children are 


likely to assimilate a minimal number of sym- 
DENEN Lom which are fantastic. 
MOTE có s implies is that children acquire 
sion be Snitive residues as fantasy expres- 
às E. more lifelike. Furthermore, 
Bison oro facilitates more lifelike ex- 
Tange a's antasy, it also effects a broader 
rs communication. Thus more chil- 
zh cti an increased number of residues 
Miodu 2 grows. W hen television is 
o in the home, for instance, more 
pressione af exposed to more lifelike ex- 
Cver ed 9 fantasy at an earlier age than 
Grined ast More cognitive residues are 
aM às a result and the children's subse- 
Cores Motivation for residual fantasy be- 
» more intense than it was for children 

previous generations. 
is cota. point, the system described here 
maint serving. — Dynamic equilibrium is 

tained so long as individuals can reify 
inda as effectively as those whose 
resid, jong initially caused formation of the 
iG had E. example, the movie producer 
i ad access to filming equipment and a 
dio could create a very lifelike reifica- 


tio: . xi fi 
og of his “human flight” residue. The 
7Oungster who formed a flight residue after 


thie 8 "s producer's movie could only reify 
e em ue as effectively as the producer if 
also had access to these resources. 
But it is unlikely that the youngster ever 
m ipw: to these means, for only a 
im a Segment of the population goes into 
M QUIDQUE, Consequently, he continues 
other >” watching the movie or he seeks 
a s of residual reification. Re- 
Possible watching the movie is made im- 
aie € by the contingencies of school and, 
ii RS of the vocation. So other means have 
© pursued. If these means are non- 
nological, their usage entails a disruption 
atta gy PUn between technology and 
Y expression. 

E disruption may exist in America 
dren or d ie that the grown-up chil- 
“Tugs more Érsquently po: proceed 
People or Parler es and commonly than 
“xperienced televisi bet c tey 
their as p in the home while 

not. TV programs 


tech; 
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conveyed fantasy information in a lifelike 
and easily accessible way. Abundant pre- 
residual structures were consequently formed 
in the minds of young TV viewers. Follow- 
ing modification of the structures, an intense 
“need” for reifying fantasy existed. Without 
access to technological means of reification 
which were as effective as television, and 
prevented from watching television continu- 
ously (excluding a boredom factor), grown- 
up TV watchers sought some cathartic, non- 
technological means of fantasy expression. 
One of the only recourses available may have 
been in hallucinogenic drugs. 

This is not to dismiss a plainly emotional 
factor in drug use. What is urged here is 
that behavioral scientists acknowledge that 
drug-induced hallucinations may be as 
epistemologically rooted as drug-induced 
“highs” may have emotional roots and func- 
tions. 


EDUCATION 


Not all grown-up TV viewers take drugs 
and only a small minority are drug addicts. 
Abstinence from drug use may be attribut- 
able to certain educational practices which 
help to limit the formation of cognitive resi- 
dues in children. 

Preresidual structures are formed when 
new information is assimilated into the cog- 
nitive framework. The structures are modi- 
fied when they fail to be reified or when their 
reifications are recognized as being specific 
to the context of fantasy. 

It is possible that parents help reduce the 
“need” for fantasy in their children by limit- 
ing the number of preresidual constructs that 
are formed. They may do this in two ways. 
First, they may restrict the child’s exposure 
to fantasy expression. Second, they may 
clearly indicate contextual differences be- 
tween fantasy and reality for the child from 
the time that he is very young. The first 
strategy is hardly practicable, since it de- 
mands isolation of the child from other chil- 
dren who are exposed to fantasy and removal 
of the child from the almost ubiquitous 
media. In addition, the tactic retards ac- 
quisition of the fantasy-reality distinction 
that becomes vital when the child grows up 
and almost inevitably encounters at least 
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some fantasy. The second is more likely to 
succeed. By providing obvious cues meant 
to show the difference between fantasy and 
reality, parents speed the understanding of 
this distinction in their children. From the 
time that the understanding takes root, chil- 
dren are less prone to construct structures 
based on fantastic percepts. Consequently, 
fewer residues are formed in the children's 
minds and less residual reification becomes 
necessary in their later lives, 

To illustrate this educati 
again consider the 
of the flying man, 
cept of the flying 
impression on the y 
on incorporating it i 
Work. Being naive, he probably will not 
have a Specific construct w 


onal technique, 
boy who sees the movie 
Assuming that the per- 
man makes a profound 


ght in a dilemma 
of human locomo- 


His dilemma may be re- 
solved by his parents’ influence, 
provide verbal and nonverbal attitudinal cues 
about the film, “Tt’s really amazing what 
People can do in make believe!" they may 

Their skepticism about human 
flight may enable the boy to reach an intui- 
tive conclusion about the contextual dif- 
ferences hetween the theater and the outside 
world. He may then form a construct which 
denies human flight instead of forming a 
Construct which allows for it, Since the 
latter construct would have eventually be. 
come a residue, its absence makes for one 
less. residue that later Seeks rei 


They may 


fication in 
fantasy. 

If Parental guidance can, in fact, effect iso- 
lated decisions 


then there might ays to have this 
guidance instil] eral Srasp of the 
at an early age. 
" plausible here, 


cate the fantasy. 


a more gen, 
distinction 

Wo strategies would Seer 
First, parents could indi 
reality distinction in a wide Variety of ex- 
perience, Second, Parents could expose 
their young to obviously fantastic 


Presenta- 
tions to exaggerate the contrast between 
what is real and what is fantastic. Instead 


of giving a child a doll which walks, talks, 
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cries, and wets her pants, for insane 
might be more desirable to give a simp ^ "E 
doll which is much less like a human n 3 
Possession of the rag doll would per d 
make it easier for the child to determine In- 
nature of dolls versus human babies. a 
correct structures would then be avoided E 
would subsequently not become residues. iat 
similar fashion, clearly fictitious ied 
programs and movies might be prese 
over more subtle presentations. The em 
lying objective here would be the simpl! 3 
tion of fantasy recognition. Mas 
simple fantasy recognition could prove ^ n 
ful in assessing more subtle expressio du 
the future, which would help further to lt 
the formation of residues. 


CoNcLUsION 


1 
Most of the ideas presented here have p 
meant to suggest possibilities. The i 
cepts, though based directly and indie 
on some empirical evidence, require m ve 
Proof. Residual bases of fantasy vill p 
to be tested Systematically by tracing ie 
expression of (modified) childhood Sd 
tures in fantasy, Conversely, fantasy 2 
pressions will have to be assessed for E 
linkages to earlier structures. Functions 58 
tween fantasy and age, education, and an 
to technological Tesources will have to mi 
substantiated. The correlation between de 
use and the above variables will have to en 
established less speculatively than it has ^ 
here, Laboratory and field research, pe 
cultural, and longitudinal studies will x. he 
to be implemented to support or weaken 
ideas that have been presented. jer, 
Despite empirical shortcomings, howe¥ 
the theory of Cognitive residues seems rts 
offer two seminal ideas. First, it s 
attention from the Study of fantasy as it ret- 
been couched in psychoanalysis. Inin ra- 
ing fantasy as an epistemologically Exp he 
tory and residual exercise has permitted A 


+ B B 1 i its 

investigation of fantasy expression ‘fort 

manifest as wel] as in its symbolic Jing 
he manifest 


content of fantasy is pu77 A 
ht as a cognitive operation ic 
fantasy on the purely Sym" ot 
Seems a bit premature, that 
overly ambitious, This is not to say 
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the symbolic approach should be repudiated. 
Nor should it just be fitted into a compro- 
mise with manifest content. Symbolic as 
well as manifest functions should be recog- 
nized as having a joint place in fantasy ex- 
Pression. Wish fulfillment, exploratory, and 
residual processes should be seen as working 
Jomtly: Wish fulfillment and exploratory 
Processes should be able to co-occur, as in 
Projection into unfamiliar situations of a 
Sexual nature; wish fulfillment and residual 
Processes should be able to co-occur, as in 
adult Oedipal fantasies: exploratory and 
residual processes should be able to co-occur 
35 in fantasies of residues formed ex post 
acto which are then seen in the new perspec- 
tive of later structures. If the different pro- 
esses do not occur simultaneously, they 
Should be able to occur in series in general 
antasy expressions such as dreams. 
The second important idea rests in the 
theory's implicit commentary on irrationality. 
ny behavior performed by a “rational” per- 
Son is considered irrational if it violates that 
Person's understanding. Classically, the 
Irrational behavior is explained as affect. 
he present theory, however, poses another 
explanation : The person's irrational behavior 
is actually rational by old standards or ra- 
tional by standards that are being tried on 
for size. The latter case becomes hard to 
Measure, since tested systems can be rejected 
before they ever pass the testing stage. The 
former case can be easily assessed by com- 
Paring the individual’s cognitive history and 
1s irrational behavior. Finding a significant 
Connection between residues and wide va- 
Neties of irrational behavior and fantasy for 
a large sample would help to substantiate the 
belief that man's behavior is governed by ra- 
tional rather than by irrational forces. 
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RHYTHMIC (HIERARCHICAL) VERSUS SERIAL 
STRUCTURE IN SPEECH AND 
OTHER BEHAVIOR" 


JAMES G. MARTIN? 


University of Maryland 


Lashley regarded r 


/thmic action as a central concept in the problem of 


serial order in behavior, and implied that it was a natural link between the 


perception and production of connected speech. 


Rhythm means relative tim- 


ing between adjacent and nonadjacent elements in a behavior sequence (hence 
nonsequential dependencies), as opposed to temporal ordering (concatenation) 
of elements, with implications for motor and perceptual behavior in real 


time. 


Two simple rules for generating rhythmic (hierarchically organized) 


behavior sequences are proposed and applied to speech, music, and other 


meaningful sound patterns. 
lead to several hypotheses concerning 


AE over 20 years ago, Lashley (1951) 
in E his influential paper on the prob- 
Tu. serial order in behavior, emphasizing 
iad a and discussing a number of topics 
Blan ieved to be highly interrelated, in- 
M ng associative-chain versus hierachical 
am €ptions of behavior, determining tend- 
E the generality of syntax, central con- 
ot ao motor patterns, rhythmic action, and 
a Ps All but one of the topics mentioned 
ticula been widely discussed, the first in par- 
i t (eg; Adams, 1968; Chomsky, 1959; 
Sea Tod 1970; Halwes & Jenkins, 1971; 
nr 268; MacNeilage, 1970; Miller, Gal- 
aa ha ribram, 1960; Milner, 1970; Neis- 
iA A Wickelgren, 1969). The last of 

tion i ipe. Lashley's views on rhythmic ac- 
ca nas not been considered in detail by 
(19675 with the exception of Lenneberg 
Dlied ). But Lashley (1951) strongly im- 
€ that rhythmic action and hierachical 


1 n 
es article was supported by Grant MH 16726 
hited * National Institute of Mental Health, 
Brant fr tates Public Health Service, and by a 
mittee om the Bio-Medical Sciences Support Com- 
bina niversity of Maryland, to the Center for 
?Th Be and Cognition. 

e author expresses thanks to Charles N. 
to an anonymous referee for extensive 
on an earlier version. Nancy Hurlbut, 
mic, Dianne Reamy, Judith Sprei, and 
analysis, achai assisted in the data collection and 

eqests 
Martin ir fo 
aryland, 


Cofer and 
Comments 


r reprints should be sent to James G. 
epartment of Psychology, University of 
College Park, Maryland 20742. 


The temporal constraints on rhythmic sequences 
their efficient perception and production. 


motor organization were highly related con- 
cepts and even went on to hint that rhythmic 
action might be the natural link between the 
perception and production of connected 
speech. This latter theme, which is poten- 
tially one of the most interesting in his en- 
tire paper, has attracted little attention. To 
be sure, Lashley was not quite clear on the 
point, but another reason for its neglect could 
be the several misconceptions that are com- 
monly held about rhythmic action. One of 
these is that rhythm implies only periodic, 
repetitive behavior, like walking or breath- 
ing, and hence is too simple a concept to be 
of interest for speech behavior. Another 
quite different misconception is that rhythm 
necessarily entails strict temporal regular- 
ities, usually along with complex, aesthetic- 
ally motivated elaborations, as in music, and 
hence is too esoteric to apply to natural 
speech sounds except by trivial analogy. 
Lashley’s (1951) views were not limited 
in either of these ways. By making clear 
what rhythmic action is and by showing how 
it has consequences for theories of motor 
and perceptual behavior in real time, this 
paper suggests that rhythmic action is one 
of the central concepts in the schema Lashley 
presented. 

Rhythm, which means temporal pattern- 
ing, is a concept based on motor functioning. 
Natural movement sequences as produced by 
the motor system are determined by a variety 
of factors including temporal constraints, 
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some of which are based on the dynamics 
of inertia, etc. These constraints necessarily 
are reflected in the organization of sounds 
produced by human movements, which in- 
clude speech and music, In the case of 
speech these constraints influence the seg- 
mental details of the acoustic signal, but they 
should be expected also to affect at least 
some aspects of the morphology and syntax 
of any language at the level of syllable 
strings since they play a role in determining 
what can be naturally and easily spoken. 

The constraint on speech sounds, or on 
any other real-time sequence of behavioral 
elements, that is directly implied by the con- 
cept of rhythm is relative timing, 
means that the locus of each (sound) ele- 
ment along the time dimension is determined 
relative to the locus of all other elements in 
the sequence, adjacent and nonadjacent. 
This is to say that sequences of sounds, 
speech or otherwise, that are rhythmic will 
Possess hierachical organization, that is, a 
coherent internal structure, at the sound 
level. The alternative to a rhythmic se- 
quence, which is less restrictive, is that the 
loci of the elements in the sequence are only 
successive (concatenated) in time. Sound 
Sequences like these cannot have a struc- 
tured, internal organization, although entities 
that they might represent can, of cours 
such an organization, albeit on 
tively highly abstract, 

These alternatives, relative timing (rhyth- 
mic patterning) as opposed to concatenation, 
are related to quite distinct theoretical points 
of view concerning real-time behavior. 
1S more obvious that speech and other tem- 
porally unfolding behavior Sequences proceed 
left to right than that they might Possess 
internal structure, Hence it js relatively 
easy to adopt a concatenative (associative) 
view about these Sequences, which will be 
reinforced by the inevitable finding that there 
are dependencies between adjacent elements 
in the sequence, Local (adjacent) depen- 
dencies, however, rarely reveal the role that 
these elements play in the more wholistic, 
hierarchically organized structures of which 

they are a part. The alternative to the asso- 
Ciative view is to begin by carving nature at 
the joints, so to speak, by considering first 


which 


e, have 
e that is rela- 
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the wholistic unit which has the internal 
Structure and then by analyzing the depe 
dency relationships between all elements p 
terms of the unit. Witness Chor 
(1957) revolution in linguistics, which a 
pended in part on his choice of the a 
tence rather than some other unit as the o d 
ject for study. Wholistic real-time M 
units (ie. rhythmic patterns) also have E 
hierachical internal Structure, as is demon 
strated later in the paper. E 

Relative timing as opposed to concatena- 
tion also has logically distinct imple 
for production and perception models. T t 
production of rhythmic sounds entails e 
the temporal locus, hence duration, of pier 
sound element is related to each other B 
in the resulting pattern. This requiremen 
places a heavier constraint on timing mecha- 
nisms than does the concatenative alternaj 
tive, which requires only that the resulting 
sounds be produced in the correct tempora 
order. Furthermore, the temporal pattern- 
ing relations. between nonadjacent sounds. 
hence movements, which rhythm implies seem 
to call for present timing, hence a prédome 
nantly central rather than peripheral contro 
of the timing mechanisms, 

In the case of perception, rhythmic con- 
straints on production entail that the sounc 
inputs during perception will be temporally 
patterned. Patterned speech sounds coul 
be redundant. with respect to linguistic mes- 
sage elements to a far greater extent than 
sounds that are only concatenated. Furtbes 
more, since rhythmically patterned ipi. 
have a time trajectory that can be tracke 
without continuous monitoring, perception E. 
initial elements in a pattern allows d 
elements to be anticipated in real pe 
Suppose that some elements in a sequent 
are more informative than others. If ^. 
informative elements are nonadjacent EN 
temporally Predictable, then certain emo 
perceptual strategies (e.g., attention gan 
between input and processing) might E 
facilitated, Perception of concatena 
sounds, on the other hand, would seem n- 
require continuous attention. More 8° 


0) be 
erally, Perceptual requirements should 
expected to differ for sounds that can 
expected 


; É : op* 
at times T, Tm and Ty, as 
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posed to sounds expected at unspecified 
times, „These and other logical implications 
of relative timing for production and percep- 
tion should be translatable into empirical 
consequences, 
E however, no grammar and no 
that in 9 speech perception or production 
relativ corporates the constraints imposed by 
im dd timing to speech sequences extend- 
qM ZAR a few phonemes; in all present 
Boral mars and psychological models, tem- 
ca relationships existing between elements 
VR NEG as concatenations only? 
far Atlas cag will serve most gram- 
logica y equately, and even many psycho- 
e models, for example, models of sen- 
ships PUN ey dpi Since the relation- 
ind D interest in such models are abstract, 
Ete subjects in experiments testing 
cr mie e will be provided either with 
read s spoken by humans or inputs they can 
ar , erar of accounting for the process- 
i the speech sounds themselves are 
ee and questions concerning any rela- 
bound pau the abstract entities and the 
is he not arise. But if relative timing 
mA me situation in speech, it has conse- 
with 3 or any theory or model concerned 
fie -ronnerted speech in real time. Up to 
bod E time the only such theories or 
and Save been those in the theoretically 
Ree important areas of automatic 
fun AE and automatic speech recog- 
Father he current status of these areas 
standin accurately reflects „present under- 
tion m speech production and percep- 
could he in each of them relative timing 
Machine . an important consideration. A 
which € could produce concatenated speech, 
Porally di the present view would be tem- 
tele en but which would be fairly 
the on. to humans nevertheless—given 
196755 Eos eeaney in speech (Ladefoged, 
able (o "de we perceptual strategies avail- 
Seneral-purpose Taan : However, a 
achine routine for recog- 


* Nor is there a the i 
F 84H theory of auditory tempor: = 
ices pepe which uses relative eva Led 
Ns d Garner’s work (e.g, Garner, 1970: 
Rover & ning 1968; Preusser et al. 1971; 
research arner, 1966, 1970) there has been little 
Since st on auditory temporal pattern percepti 
about the time of Woodrow (1909) m 
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nizing natural connected speech that ignored 
temporal relationships would be inefficient 
at best and might not work at all if much 
of the more critical, or more reliable, infor- 
mation in the acoustic signal were syste- 
matically related to the temporal dimension 
of the signal. 

In the next section, the meaning of rhyth- 
mic action is made explicit by means of two 
formal descriptive rules (a grammar) that 
are proposed for describing the timing of 
elements in a natural temporal pattern. 
These rules generate element sequences hav- 
ing a hierarchical structure that are here 
called rhythmic patterns. In the section 
following, these rules for rhythmic structure 
are applied to the patterns of speech, and 
then some implications for the phonetic 
reality of these patterns are considered. If 
speech has the rhythmic structure that the 
rules describe, then constraints are placed on 
the possible mechanisms that might be postu- 
lated for efficient speech perception and pro- 
duction. Several hypotheses for a speaker- 
listener model are presented, together with 
bits of evidence that might be relevant to 
each. The hypotheses are related to the 
general notion that speaking and listening 
are dynamically coupled rhythmic activities, 
such that linguistic information is encoded 
rhythmically into the signal by the speaker 
and decoded out of it on that basis by the 
listener. Finally, some speculations con- 
cerning the implications of rhythm for other 
research areas are offered. The emphasis 
in this paper is upon speech, but music and 
other meaningful temporal patterns are con- 
sidered also, on the theory that they have 
a common base and are rooted in the motor 
and perceptual capabilities of the human 
organism. 

RAYTHMIC PATTERNS 
_ Two rules for the formal description of 
simple natural rhythmic patterns are pro- 
posed here. They are intended to relate a 
variety of intuitions and other facts about 
rhythmic structure, some of which are men- 
tioned during the discussion. 

Rhythmic patterns are defined as event 
sequences in which some events (elements) 
are marked from others, for example, loud 
(or high) sound (or left foot) versus soft 
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(or low) sound (or right foot) ; call the 
marked elements "accents." The accents 
recur with some regularity, regardless of 
tempo (fast, slow) or tempo changes within 
the pattern (accelerate, retard). Together 
an accented and unaccented element consti- 
tute the simplest rhythmic pattern; more 
complex patterns consist of patterns within 
patterns; that is, they are hierarchically 
organized (Martin, 1969b, 1970b). 

Natural rhythmic patterns can take a va- 
riety of surface forms, but nevertheless have 
a simple underlying structure that can be 
characterized by one or the other of two 
obligatory rules. These rules express the 
relation. between (a) relative accent level 
on the elements in a sequence and (b) rel 
tive timing of the elements. 

The first rule is called the accent rule and 
applies to more or less continuing pattern 
Sequences, the simplest case being the two 
elements represented by filled dots in Figure 
la. The numerals under the tree refer to 
relative accent level on the two elements 
(level one highest), showing that the accent 
naturally falls on the first element of a 
duple. In the four-element Sequence repre- 
sented by the four equidistant dots in Figure 
Ib, the strongest accent is on the first ele- 
ment, but the second strongest is on 
third element, indicating 
nating character of 

Now notice that | 
zero, right branches 
Tepresent binary numbers that can 
tained by reading up or 
are used to determine eit} 
of a given element in tl 
serial position (not labele 
To compute accent level 
convert the binary number to decimal num- 
ber, and add 1. Recall that binary number 
11 equals decimal number 3, 10 equals deci- 


a- 


the 
the generally alter- 
accent level, 

eft branches are labeled 
are labeled one, These 
be ob- 
down the tree and 
ler the accent level 
1e sequence or its 
d) in the sequence, 
» read up the tree, 


oi 
WA» w 
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‘Bre: it, Simple rhythmic patterns 
(see text for explanation), 
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Fic. 2. 


2 MP 
Rhythmic tree with one null brancl 
(see text for explanation). 


bel number 2, 01 equals decimal number b 
and so on. Hence, accent level on ine 3+ 
clement in Figure 1b, for example, 18 9 A 
1=4. Similarly, to obtain serial posto 
read down the tree, convert binary to a 
mal, and add 1, This reciprocal relation ' "a 
tween accent level and accent location e | 
ing) in the sequence is the accent rule 4 ] 
is general for any number of nodes. 2 has 
The three-node-level tree in Figure 2 ent 
a null branch, that is, the fourth eleme 1- 
is missing, but with no effect on the rende 
ing elements since accent level is determin 
not by serial position but by location i 
the time line, whether or not the len 
in question is actually realized, This app r 
not only to staccato elements, which 22 : 
Separated by silent intervals as in Fig 
but also to more or less continuous sou 0 
such as legato musical phrases or string 
syllables, in which case the temporal Dich 
terning would refer to the onset of ae 
musical note or syllabic vowel.* ens 
further in Figure 2 that the third e 
is necessarily lengthened if the sounc 


NS o 
3 ae ion 
quence is continuous. Thus the durat ends 
an element i 


in continuous sounds ded y 
upon rhythmic context and is rhythmic? ^, 
independent of its accent level, from 
point of view of relative. timing. 
level correlates with duration, but for 


reasons, as discussed | 
Notice in 


first and fifth 


cent 
ot het 


ater. ents in 
Figure 2 that the elem post 


position are those 


vel 

$ er^ at 

. 1 As is seen later, the stipulation that loW "m 
right branche 9 


5 re sol 
5 can be null, that is, are ion 


5 icat! 
Optional, permits great flexibility in applic’ 


the rule, 
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Mig. 3. Another way of drawing the 
rhythmic tree seen in Figure 2. 


Strongly accented. To demonstrate to your- 
Self that these accent levels are the “natural” 
ones, tap an eight-element sequence on your 
desk, repeatedly, as fast as you can, accent- 
ing the first and the fifth elements. Then 
try the same thing but accent the first and 
the sixth elements. This pattern is more 
difficult than the first one, but not merely 
cause accenting elements one and five de- 
Senerates the eight-pattern into two four- 
Patterns. To demonstrate this, tap again, 
Comparing the pattern having accents on 
Clements one and six with another having 
accents on elements one, three, and five. 
T ne latter does not degenerate into equal- 
Sized sequences, and it requires program- 
ming an additional accent, but it is generally 
“asier nonetheless. Related to the view that 
1€ accent rule describes natural patterns is 
an observation by Woodrow (1951). He 
Noted that listeners presented with continu- 
OUS sequences of evenly spaced identical 
ma often reported subjective. grouping 
of acc] with stronger subjective accent 
the this d and weaker subjective accent on 
n Clement of the group. 


Figure 3 
~ 1S exactly iva ‘jour 
2 and show actly equivalent to Figure 


Son ee more clearly the relation be- 
tervals are subdivi 2 à 
1 twi 
Eos b nim, g the aand 
a sl MA between elements spring- 
dri. ugher inden, _/n this sense these 
gm are hier archically rather than 
Y dependent. To the extent that right 
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branches on lower nodes are optional, this 
tree maps onto a variety of terminal strings, 
but they will all have the same underlying 
structure ; this is inherent in the meaning 
of rhythmic structure. 

To illustrate its use, the accent rule in 
tree notation is applied below to some sim- 
ple musical phrases, with appropriate musi- 
cal notation added accordingly (pitch nota- 
tion omitted). For the nonmusical reader 
it may be helpful to point out that nothing 
of relevance is missed if he prefers to read 
the tree only and to ignore the musical nota- 
tion. The musical reader may appreciate 
that the musical notation is a shorthand for 
the tree diagram but, more important, that 
the tree diagram makes explicit the accent 
patterns usually implied by musical notation 
and tacitly known though never taught. 
Tree diagrams are as little used for learning 
music as for learning to read.* 

In Figure 4, the vertical bars are boun- 
daries between measures giving a two-mea- 
sure phrase. Notes connected together by 
horizontal bars are subdivisions of one beat, 
giving two beats to a measure. The word 
Old falls on the first half of the first beat 
and receives strongest accent, the word had 
receives second strongest accent, 
forth. 


In Figure 5, the first beat is further sub- 


* That is, the rhythm rule as stated here makes 
explicit what the musician (or schoolchild) knows 
tacitly in the same sense in which a linguistic rule 
makes explicit what the speaker of the language 
knows tacitly. Rhythm appears to be taken so 
much for granted in music training that there is 
only one book on rhythmic theory although there 
are many on melody, harmony, and counterpoint 
(Cooper & Meyer, 1960). The latter are culturally 
determined to a far greater extent than is rhythm. 


and so 


| 5 3 Y 2 6 4 8 
Old Mac-Don-ald had a farm 


Fic. 4. The first phrase of a familiar tune. 
(Accent levels generated by the rhythmic tree 
can be seen above the notes.) 


Lis- ten to the mock- 


7 [Se 
ng 
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bird 


Fic. 5. Another familiar musical phrase. (Accent levels are those 
generated by a tree with four node levels.) 


divided (each bar connecting notes halves 
their durations), requiring another node 
level in the tree but not a change in the 
relations between the three (higher level) 
notes on the beat. The tree has been 
omitted to save space, but it should be clear 
that the sequence of accent levels above the 
notes in Figure 5 is that generated by the 
accent rule for a four-node-level tree. The 
number of node levels is strictly determined 
by the element having shortest relative dura- 
tion. As Figure 5 shows, adding a node 
level generally results in increased numbers 
of null branches. 

Subdivisions of an interval can Occur in 
other ways as well, as in the incomplete 
phrase in Figure 6, Examples like these 
show that the pattern of notes giving a tune 
its own rhythmic flavor can vary but none- 


theless will map onto trees defined by the 
obligatory accent rule. 


Whereas the accent rule 
less to repeating 
musical phr 


applies more or 
patterns or to nonfinal 
ases, the second rule, called the 
terminal rule, applies to nonrepeating or ter- 
minal sequences like musical cadences, as 
well as to a variety of speech units. Stated 


5 Of course musical rhythms quickly depart from 
or elaborate upon simple rules 
notice tl 


linguistics or prosody either 
author's knowledge, although they are of theoretical 
importance in these areas. However, the impor- 
tance of relative timing, etc., in verse has been 
known (or argued) for a long time (see, eg., 
Lanier [1880]). 

Incidentally, any reader still 
resolution of the incomplete phr: 
probably aware th: 
next measure is 
implied (and felt), 


» to the 


waiting for the 
ase in Fig, 6 is 
at the strong accent beginning the 
not actually sounded but only 
a conventional rhythmic device, 


formally, it is: First, apply the accent et 
to the tree to obtain the sequence of accen B 
then reverse the positions of accent lev 
one and two. The consequence of this ru i 
as is apparent later, is that it allows es 
mary accent to appear not only on the ini in 
element of the sequence but anywhere EA 
the pattern. It is descriptively far mo 
flexible than the accent rule. 2 

The detailed mechanics for use of the Ww 
minal rule are shown later. For the noue 
it is convenient to consider an example he 
the results of the rule. Figure 7 shows E 
last two measures of the Old MaDe 
song. Notice that the sequence of h 
levels (shown above the notes) is exa the 
like the output of the accent rule for E 
three-node-level tree seen in Figure 4 exc E 
that accent levels one and two are reve 
In this context the effect is that the phra i 
then ends on a strong accent, which 15 p 
cal of most simple musical cadences. I to 
next section, the terminal rule is show’ 
apply also to the rhythmic patterning 
speech, 


. SprecH 
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ange 
" , tional us? 
"Rhythm" here as in conventiona n 


“esses 
refers to the pattern of accents/stre 


Inn! 


Shave and a hair- cut 


Fic. 6. Part of a familiar cadenc® 8 

S358 y | & * | 
h 

Ee- ei ee- ei o - ° ne 


agr t 
= ar 
Fic. 7. The last phrase of a a 

(see text for explanation) 


P4 44 


John saw Bill 
| 


2 $ | 4 
(b) J | J 
John saw Bill 
2 3 | 


1G. 8, Applying the terminal rule to a simple 
sentence (see text for explanation). 


F 


o aag of syllables. The rhythmic pattern 
Sa ned here is assumed ordinarily to 
E of up to seven syllables or so; it is 
bas prosodie unit often corresponding to 

es groups (Lieberman, 1967), syntagma 
grou pad & Chistovich, 1965), tone 
1963). (Boomer & Laver, 1968; Halliday, 
rag), 9" Phonemic clauses (Boomer, 1965; 
ie [x & Smith, 1951). In its usage here, 
(tem) accent" is equivalent to linguistic 
is appli €xcept that (formally) accent level 
batter, ^d relationally to all syllables in a 
only all Hence it includes and orders not 
emphati Varieties of linguistic stress such as 
ete, jw primary, sentence, word stress, 
Tow also unstressed and reduced vowels. 
accented i, of these levels are to be called 
relational = then an arbitrary choice. This 
Spect i approach is thus neutral with re- 
Brees - the terminological question of de- 

om]. Stress" to be allowed in English (cf. 
Vanderi Halle, 1968; Halliday, 1963; 
anguage, e, 1968, 1970) or in any other 


Abplicati 
ig of the Rhythm Rule to Speech 
s t 
minal i theory presented here, the ter- 
"a between © postulates the relations holding 
Ric Maru: dn accent level and relative 
T each syllable in the rhythmic pat- 
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tern. Thus, for example, if accent levels are 
assigned to syllables in a string, then sylla- 
ble durations are fixed accordingly. Alter- 
natively, given the relative duration of each 
syllable in the string plus location of pri- 
mary accent, the remaining accents are deter- 
mined. More generally, given some mini- 
mum amount of information concerning 
accent levels and. duration on syllables in a 
string, one could state (or predict) the re- 
maining accent levels and/or syllable dura- 
tions. 

To illustrate, consider Figure Sa, which 
shows a string of three syllables (elements) 
of equal duration, with the last syllable 
marked for primary accent. (Notice that 
duration of the last syllable in any string 
is irrelevant since the rule applies not to 
syllable durations but to syllable loci, spe- 
cifically, their vowel onsets.) 

To place accent level on each syllable, 
the rhythm rules are applied as follows. 
(a) First determine the minimal tree re- 
quired. "Three evenly spaced elements re- 
quire a two-node-level tree to yield four 
terminal branches, one of which will be null. 
(b) Apply the accent rule to the tree to 
obtain the sequence of accent levels 1324. 
(c) Reverse levels one and two by the ter- 
minal rule to obtain 2314. (d) Map this 
sequence onto the syllable string such that 
accent level one corresponds to the syllable 
marked for primary accent. The result of 
this maneuver, shown above the notes in 
Figure Sb, places relative accent level on 
each of the three syllables in the string. 
The last accent level generated by the rule 
is null, that is, the rightmost tree branch 
is not actualized. The resulting accent pat- 
tern for ihe elements actualized, 231, is 
recapitulated below the words in Figure 8b. 
A vertical bar marks the boundary between 
"measures" as in Figure 7; this bar will 
always precede primary accent. Since pri- 
mary accent always falls on the first left 
branch in the right half of the rhythmic tree, 
any pattern can be represented as falling 
within two "measures." Thus the outer two 
vertical bars can be omitted, as they are in 
all remaining examples. Again, primary 
accent is not restricted to final position by 


the terminal rule but can occur anywhere 


in the pattern, as is seen later. 
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Now consider the three examples in Fig- 
ure 9, in which the monosyllabic names John 
or Bill in Figure 8 have been replaced by 
the bisyllabic names Henry, Mary, or Marie, 
which Tequire one interval subdivision. Put 
another way, one additional differential rela- 
tive syllable duration must be considered, 
Hence one additional node level is required, 
which generates the accent-level sequence 
15372648 by the accent rule, converted to 
25371648 by the terminal rule. With pri- 
mary accent located on the accented syllable 
of the last word, the sequence is then mapped 
onto each sentence to yield the accent levels 
as indicated above the notes. More gen- 
erally, a sequence of X elements requires a 
tree with 2" 2 X branches, N being the 
minimal number of node levels if elements 
are equal in duration. If any one element 
is one-half the duration of any other, N + 1 
node levels are required. Tf any one ele- 
ment is one-fourth the duration of any other, 
N + 2 node levels are required, and so forth.* 

Numerals below the notes in Figure 9 
give accent levels for elements actualized, in 
rank order. Since three syllables here are 
arbitrarily counted as accented, the paren- 
theses identify “unaccented” syllables. Thus 
the accent pattern for each of the three sen- 
tences is the same, 231. "These examples 
illustrate the general principle, seen most 
obviously in languages like English, that syl- 
lable durations are compensatorily adjusted 
so that accented syllables will tend to fall 
at equidistant intervals, By contrast, on a 


concatenative view of syllable timing there 


would be no need for the duration of the 
word saw 


€ differing sentence 
and 9c, 


to change in th 
contexts of Figures 9h 


It is important to note that these patterns 


are somewhat simplified, Accent level and 
syllable d i i 


(Lehiste, 
how the pattern w 


T One additional node level is also required if 
primary accent falls temporall 
half of the sequence. 
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John saw Ma- "Y 
a n 1 (4) 
275. Bg 7 | 

(c) J | 1 J 

John saw Ma- rie 
2 3 (4) | 


~ H H ree 
Fig. 9, Applying the terminal rule to thre 
sentences (see text for explanation). 


d- 
following unaccented syllable as correspon d 
ingly shorter. At least one additional ea 
level then would be required, in woe. 
Placing lower relative accent on the witht 
cented syllable (vowel reduction ?), but W the 
out changing the patterning between a 
three accented syllables. In principle the 
least, such details can be represented by rth 
terminal rule whenever required. It is w 
noting, incidentally, that each of the 9 rn 
tences in Figure 9 follows the accent patte e 
assigned by the transformational stress yam 
(Chomsky & Halle, 1968).5 The tenti 
rule, however, is assumed to be more 8° 
eral, as may be seen next, 

8 The rhythm rule i 
to the ideal 
tion, althou 
syllable dur 
only notion: 


80 
s easily shown to apply, ur 
ized Pronunications of words in 150 4 
gh in most Cases some intuition po 
ations is required since phonology £" 7, 
al time. Thus the relation between 9% 


appears to be a special case 0 


| 


d glish as expressed by the tratie 4 
formational cycle ap 


E (a) 4 
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TA 


told you to go 
3 2 | 


715110614 4 


» JR 


told you to go 
| $ 2 


Fic. 10. Four rhythmic versions of the "same" sentence. 
(The underlined word has been emphasized). 


oo sentence, phrase, etc., can be 
n in a variety of ways, being influenced 
TN ien mispronunciation, “foreign 
hasi regional dialects, the use of em- 
Ene. or contrast, and so on. The effects of 
discuece these factors on accent have been 
a by others (e.g. Allen, 1968; Bier- 
Newe 968; Bolinger, 1965 : Bresnan, 1971; 
"EM 1946; Vanderslice, 1968). Con- 
Ed af such factors points to another 
trated | pi inciple of speech rhythms illus- 
E aoe which is that whenever these fac- 
he fe ect accent placement 1n an utterance, 
af Bux pattern of the utterance is 
a =. also. In Figure 8b, emphatic accent 
3 es would give the accent pattern 213; 
the Bow 132. To illustrate further, consider 
Figur ects of change of emphatic accent in 
Notes . 10. Again the numerals above the 
by ee ee accent level on each syllable 
Accent ri rule, Numerals below (aon 
values evel in rank order to the three p hest 
ions) Although the time values (dura- 
ures n of the syllables are the same in Fig- 
thyth Oa and 10b, the accent levels, hence 
je oue patterns, differ. Time values are 
in Finn though accent levels are the same 
fee 10c and 10d. Primary accent is 
* hs pos anges in Figures 10b and 
earlier 2) initial Slt unnatural) longer 
SCives greater accent ih de Figure 10c re- 
thus changing the HOLE: NL Figure, 10b; 
pattern. Other 


op J 

ut another way, placing str 

Ha 3 stror 

the initial syllable of Figure 10c requires prcawer 
relative duration in this rhythmic Pe dl 
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31 715 110 614 4 

(c) J | | a. 

| told you to go 

2 | 3 

SU 71S 110 6 144 

al I 

| told you to go 

2 l 3 
variations are possible, but in every Case 


a change of accent level or location requires 
a reorganization of the whole pattern. This 
principle is assumed to apply to mispronun- 
ciation, foreign accents, dialects, and all other 
factors affecting accent assignment in an 
utterance. 

Notice, finally, that the principle of equal- 
interval accent holds in all of the examples 
above except Figure 10a. Given the tem- 
poral pattern pronounced exactly as indi- 
cated in Figure 10a, the rule requires the 
accent pattern indicated. If, however, the 
syllable J were shorter than indicated (which 
is not an unlikely prounciation), the addi- 
tional required node level would place lower 
relative accent on Z, so that the third highest 
accent would then shift to you, giving equal- 
interval accent pattern 231. On the other 
hand, given the pronunciation as is, decid- 
ing arbitrarily in favor of four accent levels 
rather than three preserves the equal-inter- 
yal accent principle since then the pattern 
is 3241. This is a terminological point ; the 
main point is that the tree gives the temporal 
location of accent however defined (and of 
“vowel reduction” as well) as it is distrib- 
uted in natural running speech. 

In summary, the rhythmic patterns of 
speech are wholistic units that can be char- 
acterized in terms of the interrelated dimen- 
sions of relative accent level and relative 
timing. These patterns are idealizations ; 
their point-by-point physical correlates. will 
depend on many factors 1n any actual situa- 


tion. Notions like these bear strongly on 
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real-time theories of speech production and 
perception and are considered later in these 
terms. However, it is appropriate for the 
moment to consider first some implications 
for phonetic description. 


Phonetic Considerations 


A survey of phonetic research shows that 
interest in the prosodic characteristics and 
temporal organization of speech has grown 
rapidly over the past several years. Earlier 
the emphasis was predominantly on the seg- 
mental characteristics of speech, and ques- 
tions concerning timing and prosodic fea- 
tures arose more rarely. Three of these 
questions are considered here. They are 
relevant because they concern speech timing, 
but also because they more or less directly 
illustrate the consequences of adopting one 
point of view or another about the relations 
holding between the elements in a string of 
Speech sounds. A given point of view on 
this problem, whether explicit or not, impli- 
cates any number of assumptions about the 
"units" in Speech, research questions to be 
asked, Observations regarded as relevant, 
perceptual expectations, and so on. 
the relative timing point of view, which 
assumes the rhythmic pattern as the unit of 
temporal organization, entails. certain ex- 
pectations concerning the phonetic manifesta- 
tions of accent and timing, which differ from 

ht be expected on à concatena- 
ral, point of view, 
seen in each of the 


Thus 


"relates of accent, 2 


^ conven- 
concerning Prosodic and , 
D seg- 
mental levels n 


. made explicit by Fry 
egard segment strings 


al i : 
the *vehicl able Strings) as in some sense 
: S nomena. 


view implies, Y omission, a con- 
catenative view of the te 


an utterance, 
correlates are to be located “on” 


syllables themselves, Accordin 
the research on the questi 
correlates of accent typically 


cerned with comparisons based on syllable 
pairs (e.g. OBject, ob]EC 
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ning context, or at least without -—n 
tion of the effects of running context. Fé 
in a variety of languages has shown ET 
higher fundamental frequency, greater € 
sity, and greater duration are gen pr 
associated with accented, as opposed to ui 
accented, syllables, but that there ped 1 
simple correspondences between any on es 
à combination of these acoustic characte : 
tics of a syllable and relative accent a 
1968; Ladefoged, 1967a; Lehiste, 1970; a 
the latter for an extensive review of the 
search on prosodic phenomena). . "d 
By contrast, the key assumption of | 


present view is that the rhythmic oo 
tion of speech requires accented syllab ut 
fall at roughly equal intervals in time. hat 
shown earlier, this constraint entails pe 
syllable durations, on accented and "E 
accented syllables alike, will vary accord! 

to utterance-specific context, 

Present theory, 

also 


But, in e 
ie e 
utterance-specific cont 


x ; r har- 
affects the intensity and frequency pe 


acteristics of the syllables, just as it a ency 
duration, one reason being that frequ 


: : m a 
and intensity characteristics are prob 
partly determined f 


e 0 
y the number and rat 
articulatory 


n 
transitions required peme 
syllables in the course of producing a 8" se 
utterance. Thus the relative values of 
characteristics on accented syllables will d 
with local context and should not si tive | 
pected to correlate with perceived UR 
accent. Instead, the invariance holding ^, 
tween accented syllables is relative pono 
ome additional minimal aspects of a m 
mic pattern are assumed to be meum 
marked in the syllable string ; these einn is 
include the end of the pattern, whic fui 
marked by pause or characteristic et 
mental frequency contour, and x te 
accent (Cushing, 1969: Fonagy, 19 r” 
This information is sufficient to "ancho 
the pattern so that relative 
accent on syllables can be ir 
of the rhythm rule, that is, in terms of ur 
location in the temporal pattern. Relat! 
| 
| 


. oO 
accent is thus a perceptual consequence 
relative timing, 


It seems cl 
accent, in this 


" n 
nonprimary 
E zn 
"heard" in term! 


ear that accurate reports 2 
view, would require some Te 
of perceptual Orientation toward the or 
extent of the temporal pattern. For i! 
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fum "UH orientation is necessary in 
speech ranscribe the temporal pattern ot a 
Pda musical phrase into rhythmic 
A Tide it is heard. f But the conviction 
Nee id Hat the acoustic manifestations of 
sélves s: = og the accented syllables them- 
to the = — to by the research devoted 
ae im Sm, and indeed it is deceptively 
E nas attempt comparative judgments based 
(1 pitch, loudness, etc. As Lieberman 
Ta 965) has shown, however, these judg- 
nents will often be wrong, even when they 
= by sophisticated linguists. Judg- 
pd PM these apparently are influenced 
connie iety of linguistic expectations, with 
eh expectations leading to conflicting 
relative ae . In short, in the present view, 
Perceptio ming is the proper basis for the 
Casily e of relative accent, but it cannot 
diss separated from acoustic and other 


Imensi 
Sions on whic 
Can be hich 


lion 


judgments of accent 
je and are, made. A statistical correla- 
Ning we perceived relative accent and 
of ee timing might emerge over a variety 
ances Pra listener expectations, and utter- 
any > but would not be highly probable in 
2 Particular instance. 

ome rec 
Separated 
ning 


cent experiments, however, have 
mk from other aspects of run- 
Accent eds and they show quite clearly that 
Dents us E are related. These experi- 
Which ‘esa connected speech materials in 
ficially m poral relationships had been arti- 
Ments oe In one approach, judg- 
to depen accent on a syllable were shown 
tl d upon location of the syllable within 


r E ` 
he -limig context of an utterance when 
e 


y Seng 
J Inc, Ces: an 


as judged more often as the accented 
‘ of the pair (Martin, 1970a). 

1 Dreei very recent report, using extremely 

A Bin € electronic splicing techniques, Hug- 

f l 3  (1972a) artificially shortened or 

NSthened a single segment in naturally 


Wor d 
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spoken sentences, for example, the first 
m/ in The hostel for paupers has two 
moody managers. Listener reports indi- 
cated that as the segment shifted between 
shortened and lengthened, primary accent 
shifted between /zvo and managers. These 
experiments clearly separate timing from 
other aspects of the stimulus and show that 
perceived accent does depend in part at least 
upon temporal context, and not solely upon 
the characteristics of the accented syllables 
themselves. g 

In another recent paper, Huggins (1972b) 
artificially varied adjacent segment durations 
in normally spoken sentences to study com- 
pensation effects between them and found 
that the temporal distortions were more 
likely to go unnoticed when the original 
timing relationships between the accented 
syllables in the sentences remained intact. 
Again, this experiment demonstrates the im- 
portance of relative timing in the perception 
of accent. Finally, it should be mentioned 
here that accent is seen as having other 
correlates than the acoustic characteristics 
already mentioned, for example, certain 
measures of physiological effort (Ladefoged, 
1967b). Fonagy (1966) regards accent as 
based upon cues to effort that can be per- 
ceived by a listener, even without knowledge 
of the language. The present view that rhy- 
thm, hence accent, is based upon the con- 
straints on natural movement appears to be 
somewhat compatible with these views. 

*Stress-tined" versus “syllable-timed” 
languages. In the present view, natural con- 
straints on movements entail that running 
speech must be rhythmic as defined here, so 
that accented syllables are generally separ- 
ated from each other and will fall at roughly 
regular intervals. Obviously, this view also 
implies that equal-interval accent is a langu- 
age universal. But the principle of equal- 
interval accent appears to be perceptually 
more convincing in the case of some languages 
than in the case of others, and in fact some 
languages have been classified as ' 
timed” (equal-interval stress) in the former 
case as opposed to “syllable timed” (equal- 
length syllables) in the latter (Pike, 1945). 
Not many phoneticians seem to have accepted 
s on, but it is nevertheless of 


‘stress 


this classificati 
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some interest to consider what might have 
motivated the choice of this particular dichot- 
omy. It appears that the rhythm rule di- 
rectly implies the perceptual phenomena 
upon which the classification is based. To 
illustrate, assume for the moment, as does 
the present theory, that all languages are 
stress timed, in the sense in which the term 
is used. When word stress in a language 
is fixed such that widely varying numbers 
of affixes and function words must be accom- 
modated between stressed syllables, as is the 
case in English, so that the result is often 
the “crushing together” (Pike, 1945) of a 
large number of unstressed syllables, then 
the perceptual prominence of stressed syll- 
ables should be enhanced. This result is 
implied by the rhythm rule since subdivision 
of any interval in the pattern adds a node 
level to the tree, thus increasing the relative 
difference between the highest and lowest 
values of accent level placed on each syllable 
in the pattern. But when word stress in a 
language is relatively free, or is fixed on 
syllables at or near a word boundary (either 
one or the other boundary but not both, in a 
given language), then the number of syllables 
between stressed syllables will be fewer, 
on the average, than in a language like 
English, hence requiring less interyal sub- 
division and resulting in the impression of 
evenly spaced syllables and less prominent 
Stress at the same time. Thus English is 
called stress timed, while French and 
Spanish, which have late word stress (De- 
En es Harris, 1969; Schane, 1968), 
] called syllable timed (Aber. 
crombie, 1967 ; Harris, 1969):9 There are. 


of course, numerous other accent-related 
linguistic characteristi 


19 Note also that lan 
located relative to word 
have a transformation 
syntax, since there is littl 
in a word boundary. 


guages in which accent is 
boundaries are unlikely to 
cycle relating accent to 
e of syntactic significance 
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Some unpublished data from a study E: 
the author support this view. Very pus E 
the purpose (in part) was to show that M 
unlikely language candidates (viz.. Span td 
and French, as well as Italian) could li 
heard as stress timed under suitable conr 
tions. 

Tape-recorded excerpts of a u—t« . 
provided the stimulus materials in € ) 
language. In an indirect approach b. 
musically trained listeners provided a HUE 3 
mic notation, hence temporal pattern, d 
each utterance. Then (b) fluent (mares 
native) speakers of each language art 
and reported accent patterns (three i 
of relative accent on three specific syllables i 
Application of the terminal rule to the Re 
poral patterns reported by the musicians e 
predicted accent location and level repar 
independently by the fluent speakers. Th 
results were that when fluent speakers 
agreed with each other on which three 
Syllables were accented, the syllables tende 
to be equidistant, as the theory predicts: 
Also noteworthy was that the patterns ° 
relative accent on the three syllables follow" 
the terminal rule significantly more ofte! 
would be expected by chance. E 

Perceptual and physical time, The an 
that English is stress timed has led to ue 
attempts at physical measurement of pes 
accent intervals (see Allen, 1968a. 196 e 
Bolinger, 1965), but these measureme! : 


. me / p 
have shown substantial variation betw e td 
intervals. Tn the present view, there are *^.— 
reasons why a lack of correspondence 


tween perceptual and physical measure? 
these intervals 


The ars 
is that tempos 


might be expected. thie 


can change within a rhy al 
pattern. When they do, these changes Gly 
usually be apprehended yet do not ordi 
affect the perceptual integrity of the patte" f 
that is, “beats” are still heard as beats; ? l- 
do they affect the listener's ability to “1° 
low" or to anticipate later elements in É 
since the rhythm is definite though not g 
ular, in Lashley’s (1951) words. pe- 
tempo changes would be revealed by systa 
matic and cumulative changes in phys 

| 


Syll ; : 
x: able durations, either increasing Of 
easing, depending 


Was positive or nega 


jca 
de- 

e 
upon whether the chang y 
tive. But to detect thes 
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Systematic changes and separate them from 
Measurement error in any given utterance, it 
pem first to postulate a specific rhyth- 
4 patter n, that is, the pattern of syllable 
iin ire would obtain in an even 
thee, E then to compare departures irom 
temm in the observed durations by 
E ting or similar routine. For in- 
relative time intervals from an utter- 
Tw" € and transcribed in rhythmic nota- 
e * be plotted against cumulative 
Bou 3 Ps owel onsets, A straight line 
den indicate even tempo, a curved line 
indicate an accelerando or ritard. 
Clearly, alternatives such as calculating 
ve. or “intrinsic” syllable durations 
ete regard to specific pattern context 
be of little value in this regard. 
Eom reason for expecting a lack of 
js "pordeg between physical and per- 
enis Le weg of the interval between 
fins ur interesting perceptual prob- 
m. es nave been little explored. One of 
ceptual ie s the correlation between per- 
Song of den measures of the domens 
emporal - taythmie or any other auditory 
3 pattern when the dimensions are 


Cons 2 
ied independently as opposed to 
n.o: There is some evidence that the 


tiny 
ne di EU UN r 
dimension interacts with the accent- 


ceptu mension so that physical and per- 
alone udo of either dimension faxen 
Tow (1909). correspond one to one. Wood- 
that vari ), using nonspeech stimuli, showed 
level o iations in physical relative intensity 
timine elements affect perceived relative 
On the other hand, variations m 
relative timing affect perceived 


nt level (Martin, 19702), as mentioned 
ler, > 


Ing, 
Physical 
acce. 
far] 


yA 
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S 
lm Hypotheses about Speaking and 
mg in Real Time 

ee utterances in the present view are 

Men lly patterned, and many of their ele- 

Char. ee temporally predictable. These 

Straj Cteristics of the auditory stimulus con- 
ain the class of mechanisms that might be 

Postulated for their efficient processing 

à rner, 1970b). In this section, main 

terest centers on how linguistic informa- 
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tion might be encoded into and decoded out 
of the speech signal at the rhythmic 
(prosodic) level, but some implications for 
the segmental level are considered also. As 
will be seen, there is reason to believe that 
the importance of prosodic as opposed to seg- 
mental factors has been underestimated in 
theories of the production and perception of 
everyday connected speech. 

Hierarchical organisation of the speech 
production program. Any evidence for rhyth- 
mic patterning in speech, that is, that the 
syllables in a string are timed relative to 
the whole pattern rather than concatenated, 
is also evidence for preset timing and hence 
leans toward the view favoring central rather 
than peripheral timing mechanisms during 
production." A more specific hypothesis 
which follows is that since the accented ele- 
ments dominate the temporal organization of 
an utterance, they must in some sense be 
planned first. Intervening, lower-level sy 
lables then are planned subsequently in hier- 
archical fashion, by (metaphorically) read- 
ing the rhythm tree, level by level, from the 
top down. Planning here means at least 
selecting the time at which syllables will be 
although this decision must fa- 
cilitate any number of other contingent de- 
cisions during production. In this view one 
might think of accented syllables as the main 
targets in the organization of the articulatory 
program. The hypothesis then predicts that 
decisions concerning accented syllables will 
precede those concerning unaccented syl- 
lables, hence that decisions concerning "con- 
tent" words will precede those for “function” 
words, and so forth. Observed utterances 
do not often illuminate the mechanisms gen- 
erating them; but errors, for example, slips 
of the tongue, sometimes do. Fromkin’s 
(1971) interesting work on slips of the ton- 
gue revealed that whole words in an utter- 
ance could be transposed without affecting 
the overall accent pattern of the utterance, 
for example, 


actualized, 


a laboratory in our Own computer, 
2 3 


11 Įnvertebrate physiologists appear virtually to 
take for granted that rhythmic behavior is pre- 
dominantly under central control (see many papers 


in Wiersma [1967])- 
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Her interpretation of this result was that 
the syntax and the stress contour (accent 
pattern) of the utterance was generated prior 
to word selection. There are, however, only 
a few accent patterns, of which 231, the pat- 
tern in all but one of Fromkin’s three-accent- 
level examples, is the most common. On the 
present theory, sufficient decisions about con- 
tent words are made so that they can be 
ordered (or misordered), and the syllables 
marked for accent mapped onto the higher 
branches of the rhythmic tree, Function 
words, etc., lower down on the tree are 
organized subsequently, Thus reversals oc- 
cur between elements at the same level, and 
Teversals between a content 


participle type, e.g., He called her UP). 
Other data provide a bit more detailed sup- 
Port for the top-down generation hypothesis. 
Boomer and Laver’s (1968) analysis of slips 
of the tongue in tape-recorded speech showed 
that reversals involved a pair of accented syl- 
lables most often, a pair of unaccented sylla- 
les less often, but rarely 


Alternatives to the top- 


lables appear to have j 
Finally, Goodglass, 
hoff (1967) re 
had difficulty. i 
three-word ph 
words wer 
but not 


(DOGS can B ARK), 


n production, 

Fodor, and Schul- 
Ported that certain aphasics 
mitating unaccented words in 


pended upon accented f, 
utterance initiating ar 
speech. "These data sions, which 
imply “momentum” S, are con. 
sistent with the Present view that accented 
syllables are the articulatory targets of ballis- 
tic movements, and that intervening un- 
accented syllables are produced by "second. 
ary” articulatory gestures “en Toute” to the 
target syllables. 


nd 


maintaining 
and conclu 
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Syntax and morphology in itio PA 
terns. Probably all languages provi i 
the alternation of accented and Unan E 
syllables in their morphological and T 
structure, as in English in which “func the 
words and affixes intervene between To 
ordinarily accented words and sple 
the extent that syntactic and other info E 
tion is encoded at the rhythmic level, pen 
information becomes available for ae 
independently of analysis at the segm a 
level. While it is too carly to say pes be 
highly abstract syntactic relations wi on- 
found to correlate with the prosodic wei 
tours of a rhythmic pattern, there are are i 
perceptual decisions about syntax, morp the 
Ogy, and meaning that can be made on m. 
basis of syllabic contour alone. - i id 
stance, the names Mary and Marie in ron 
ures 9b and 9c could be distinguished fr ta 
each other in the absence of clear eq 
detail. Recognition that John was i = 
Bill is a Passive, not an active, sentence ae 
quires no decisions concerning the enin 
details in the function words. The n^ 
contour of John flew to WxYz, in whieh. r 
and Y are accented syllables, and v uf 
are unaccented Syllables, rules out Bos as 
and New York as possible destinations, a 
well as Minneapolis, assuming the latter © 
correctly Pronounced, etc, 

While these are 
a good deal of e 
terning carries 


. SA, I 1C- 
ordin This is part 


ases where speech qu 
Segmental information "d 
destroyed. Most of E 
id not refer to i ien 
ne gave explicit pite 
he distortions in each 1 

to leave the tempor? " 
rhythmic, patterning of the signal iis 
fact. One obvious example of this E^ 
everyday experience is Whispered speech, í 
distortion affecting mainly the frequency anc 
amplitude but not time dimensions of thé 
Signal. The fact that whisperers apparently 
Compensate by exaggerating stress (Fonagy: 

68) shows the effectiveness of rhythinic 
factors in Communication. 

Cherry and Wiley (1967) an 
(1979) gated "weakly-voiceq 


ularly evident in c 


d Holloway 
segments 
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eee out of running speech, re- 
noise Ser destroyed segments with white 
intelligibi ipa that the speech again became 
mic ins , Both papers proposed rhyth- 
left esr serge d as one aspect of the signal 
epg although, clearly, segmental 
result s = n been. removed. W hile the 
Segment 2 diy surprising since the missing 
Masked N Bre JESN „those that would be 
the (vars Nowe i environments, it does show 
telligibili SIMA of prosodic features to in- 

Torna ict 
do aan e varios distortions that nevertheless 
lider & resting Speech intelligibility (Lick- 
iş infinite. i IPSs ). one of the most severe 
the iubes peak clipping. Two musicians in 
amic no r’s laboratory transcribed in rhy- 
Sore se passage of running speech 
Patterns in this fashion.* Their rhythmic 
With à M dins strongly with each other and 
respondis, sequent transcription of the cor- 
them — speech made later by one 
listening Vith unlimited time and repeated 
identife Y made few errors of word 
ere ead but when they did the errors 
aiiin a rhythmically identical to the 
darko words. Lindner (cited in Bon- 
RS Chis ° Molchanov. 
trally EN 1970) has reported that spec- 
ic Istorted speech also retains its rhyth- 
Pattern, 
eu (1969) transformed the gn 
Central y rotating spectral energy aroun : 
al frequency of 1,600 Hertz [Hz] s 


at Ts 
ener, for example, energy at 2,000 Hz. became 


ti at 1,200 Hz. While this transi 
Pag, torts segmental informatio oe 
Yen S and fundamental pite le 
isol wn unchanged. Pairs O E e ie 
aed rooms learned to converse WEN. T 

r rather successfully. lr de 
the 0 


that their COIT. T 
Jearning 


: Zagorujko, Kozhevnikov. 


n 
i formed speech of 
ive Mpting to suppose 7 
fana S depended up 
cong] ormation, but thi 
inte Among hi$ 
Wor lgibility scores on upra 
mt ang sentences a that misheard 
r MASS , 8 a 
iue UNE MEI syntactically ped 
n 7? Gratitude is expressed to Jobe 
"ade the recording 
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rhythmically) nearly identical to the input 
sentences but otherwise completely incorrect 
(e.g., Hoist the load to your left shoulder 
was reported as Turn the page to the next 
lesson). Among the conclusions Blesser 
drew from his study was that syntax was en- 
coded into prosodic features, but more 
generally that intensive analysis of phonetic 
details would not solve the problems of 
speech segmentation and recognition. Stud- 
ies like these appear to show that there is 
extensive information available in speech 
at the rhythmic level that can be used by the 
listener. They do not show, of course, that 
he ordinarily does or must use the informa- 
tion under ordinary listening conditions, but 
it does not seem wise to conclude that the 
information is used only as a last resort. 
Future research will determine the levels of 

and detail of the syntactic and 

are or can be encoded 


complexity 
other information that 
into the rhythmic contour of the speech sig- 
Conceivably some languages may make 


nal. 
e informative use of rhythmic constraints 


mor 

on the sound patterning of speech than 

others. J E 
Rhythmic deployment of phonetic detail. 


iat accented syllables are 
f ballistic movements dur- 
duction suggests one 


The hypothesis tl 
the main targets o 
ing the course of pro : 
possible consequence that also has implica- 
tions for perception, namely, that accented 


syllables are articulated at the expense of 
syllables in fast 


lower-order intervening 
speech, or perhaps even normally. The 
more syllables intervening (subdividing) be- 


tween accented syllables then, the greater the 
extent that phonetic detail on these syllables 
will be blurred. In music, a situation anal- 
ogous in some respects exists when the per- 
former, encountering a passage too fast to 
articulate, takes pains to get the notes on the 
beat and simple multiples thereof, slurring 
over the unaccented intervening notes, Es 
even omitting them completely. The melodic 
Shs dua ur londiedoscim aap est a 

: s may even escape 
notice. In the case of speech, it is known 
that formants of weakly stressed vowels de- 
part from "target" values, approaching a 
neutral value (schwa) during fast speech 
(Lehiste, 1970; Lindblom, 1963). These 
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variants on pronunciation contribute to the 
well-known enormous variability of the 
acoustic correlates of a given phoneme 
(MacNeilage, 1970) in ordinary connected 
speech. But schwa is uninformative con- 
cerning the phoneme “intended” by the 
speaker, and presumably many other vowel 
pronuciations are also, the more so that they 
approach schwa. These variants on the 
acoustic correlates of phonemes complicate 
the perceptual problem for any mechanism 
that approaches the signal as though every 
interval in the signal potentially contains use- 
ful segmental information, and hence that 
every interval must be taken account of to 
determine whether useful information is 
present or not. There is no evidence, how- 
ever, that speech perception proceeds this 
way. The alternative view proposed here is 
that the Perceptual analysis is optimized by 
prior information as to the more informative 
Stretches of the signal, for example, on-target 
vowels plus preceding consonants, which ap- 
pear to be programmed 
1970). On the present 
these informativ. 
syllables, related to the 


gnal. Analysis 
of the utterance would consist in determin- 


1964), then analyzi 
by reading down 
the more veridic 


This hypothesis is made plausible by evi- 
dence that speech js thythmically patterned, 
by evidence that 


are easier to recognize tha, 
lables (and segments the 
two kinds of syllables are removed from 
linguistic context. Ina study using 
approach Lieberman (1963) placed 
mental words in two sentences each S 


n unaccented syl- 
rein) when these 


such an 
experi- 
uch that 
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the word was informative (presumably 
accented) in one sentence or redundant Cr 
sumably unaccented) in the other, and ga F 
the words out of the running speech ona ; 
Finding that the excised informative bei 
were recognized more easily than the redun d 
ant words in listening tests, he candle 
that they were more clearly articulated tha 
the redundant words. d A 
Another way of excluding linguistic con 
text from elements to be recognized 1s E 
use listeners ignorant of the language. +! 
the language study mentioned earlier, ie 
pair of musicians who transcribed the Palag 
speech in rhythmic notation were also e. 
quired to first transcribe the sounds bu 
though they did not know Italian. Apa 
of the transcriptions showed more agreemen 
on accented than on unaccented vowels, as 
they were recorded in English alphabetic 
notation. These listeners of course weld 
locating the sounds in coarse categories 
Within the perceptual space of their s 
language, Presumably, phoneticians jer 
often report schwa in the unaccented sy! 
lables, hence agreeing more often on these 
Syllables, whereas the musicians, who knew 
nothing of Phonetics, drew their [wes 
from a pool of English vowels, The relevan 
point here is that differential agreement ap- 
Pears to be based upon information tied ue 
the rhythmic patterning of the utterance” 
hese results and Lieberman’s (1963) € 
to be consistent with the hypothesis that zu 
deployment of usable segmental informa 
in the speech signal is temporally systemat! A 
If the hypothesis is correct, future researc 
may determine if and how the temporal ha 
formation is ordinarily used in perceiving 
the speech, 
Dynamic coupling of speaking and listen- 
ing in real time, The hypothesis of the pre 
ceding section, which suggests a two-stas® 
analysis with the segmental stage depending 
upon the preceding prosodic stage, bears 
Some resemblances to the analysis-by-sy!" 
thesis model of speech perception (Halle & 
tevens, 1964), as implied above. The 
lin Si8-by-synthesis model postulates a d 
y analysis of the input signal prio 


i ) analysis-by-synthesig match- 


to an (active 
Mg routine, The input signal] which is thé 


D 
t 
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Object of the preliminary analysis has not 
usually been specified, but could be the rhyth- 
mic pattern as implied above. Of particular 
relevance here is that whatever the size of 
the input signal, or “decision unit” (Miller, 
1962), a sequential stage model appears to 
imply that the last stage of the analysis, and 
Possibly even the preceding one, could not 
Proceed until the end of the unit had been 
reached, since some terminal cue would seem 
to be required as the sign to start analyzing. 
N running speech this routine thus appears 
to amount to a continuous, repeating sequence 
of (a) accept input acoustic signal unit, 
(b) apply (first stage) preliminary analysis, 
€) apply (second stage) matching or other 
Toutine, (a^) accept next input acoustic 
Signal unit, (b) ..., etc. Even if Stages 
“and b overlapped in time it would still be 
true that the smaller the decision unit (e.g., 
Syllable) the more rapidly and often the 
analytic stages would be required to alter- 
Nate, whereas the larger the unit (e.g., rhyth- 
mic pattern), the faster the last stage would 
be required to operate. An alternative pos- 
Sibility, which would permit a large unit yet 
Nore leisurely analysis, is to suggest that 
Stage a above proceeds independently of 
and prior to Stage b, and that Stages b 
and c operate sequentially with respect to 
€ach other but simultaneously with the fol- 
Owing Stage a’, That is, the two-stage 
analyses of a preceding pattern are distrib- 
uted over the time during which a following 
Pattern is simultaneously being accepted into 
acoustic memory. This notion, however, 
Seems counterintuitive since we appear to 


Understand speech as we hear it 
$6 he rhythmic point of view provides a 
Mewhat different alternative, which may be 
*Xplieated ag follows. As in the hypothesis 
ee le preceding section, a prosodic and a 
een analysis is assumed. Inheren n 
rhythmic concept is that the perception 
mer events in a sequence generates 
i ctancies concerning later events, 1n 
eal time, When the events are sounds 
Produced by continuous movements, the per- 
Ception of these includes cues as to the move- 
ment dynamics involved in their production. 
Tence it is not simply, or not only, that dis- 
Crete arrival times of accented syllables are 


[21] 
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induced from earlier timing relationships but 
also that the total array of time-varying 
cues in the continuous flow of speech will 
project ahead the general outline of the re- 
maining prosodic contour. These cues 
telegraph not only tempo changes but more 
generally the whole thrust of the pattern of 
sounds yet to come. It is on this basis that 
one might say not that the listener “follows” 
the speaker but rather that the listener, 
given initial cues, actively enters into the 
speaker's tempo. Whereas the analysis-by- 
synthesis model is a feedback model (Halle 
& Stevens, 1964), the rhythmic model pre- 
sented here appears to have also a feed- 
forward aspect (MacKay, 1967). in the 
sense that it adjusts ongoing processing 
based upon information about future, as op- 
posed to present or past, states of the signal. 

The consequences for running speech per- 
ception in this view are that temporal re- 
dundancy at the prosodic level permits a 
prosodic analysis to begin prior to the end 
of the decision unit. This in turn might 
even permit an earlier start toward seg- 
mental analysis, since the latter depends upon 
the results of the prosodic analysis. The 
temporal redundancy also permits accented 
syllables to be anticipated in real time, so 
that “attention focusing" on accented syl- 
lables becomes a logical possibility, as does 
"attention cycling," such that previous in- 
puts could be processed during the low-infor- 
mation intervals between accented syllables. 
Real-time mechanisms like these appear to 
be of the sort needed to account for the fact 
that speech processing is so rapid (Liber- 
man, Cooper, Shankweiler, & Studdert-Ken- 
nedy, 1967). 

There is at present very little evidence in 
the literature that would bear on these con- 
siderations, although two studies can be 
mentioned. These concern the role of 
accented syllables in perception. Allen 
(1967) reported that tapping variances were 
smaller to accented syllables than to un- 
accented syllables when the subjects were 
required to tap in time with a single specified 
syllable in utterances presented repeatedly 
2; means of a tape loop. Since it would 
ival times for both kinds 
equally predictable 


by 
seem that the arr 
of target syllables were 


504 


in the sense that the subject had heard the 
utterance many times and knew "where 
the syllable was in the utterance, the results 
may ‘have to do with the ease with which 
the listener can coordinate his activities with 
those of the speaker. In the present view, 
the listener taps more accurately when his 
tapping targets are the same as the speaker's 
speaking targets, that is, accented syllables. 
The report by Huggins ( 1972b) mentioned 
earlier, which showed that listeners were 
insensitive to certain artificial distortions in 
speech when the original timing relationships 
between accented syllables were preserved, 
is also consistent with the view presented 
here. Further research may determine the 
extent to which efficient perceptual process- 
ing involves actively locking into the tem- 
poral flow of the speech signal. 


Applications to Automatic Speech Synthesis 
and Recognition 


These research areas are concerned either 
with natural running speech as inputs or 
with natural sounding speech as outputs. 
Here some suggestions are offered as to ways 


in which rhythmic Structure considerations 
might be relevant. 


Speech synthesis by rule. 
time, speech synthesis prog 
concatenate segments whose 
determined by dictionary look-up, with ad- 
justments in duration based upon immediate 
Segment context (see, eg., Flanagan, Coker, 
Rabiner, Schafer, & Umeda, 1970; Mat- 
tingly, 1971; see also Denes, 1970; Matt- 
ingly, 1966; Rabiner, 1969: Rabiner, Levitt, 
& Rosenberg, 1969; Teranishi & Umeda, 
1968). In the present theory, 
patterning of utterances constru 
can be expected to deviate from those of 
natural speech, Additionally, since dic- 
tionary look-up durations presumably will 
always be of sufficient length so as to per- 
mit some phonetically differentiating detail, 
these details will be distributed relatively 
evenly throughout the utterance so that the 
resulting utterance contains more phonetic 
detail, or at least more evenly distributed 
detail, than the same utterance in natural 
speech. The requirements of relative timing 
in natural speech, on the other hand, often 


At the present 
rams typically 
durations are 


the temporal 
cted this way 
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will obliterate phonetic detail when "i 
accented syllables are crowded together 
utterance-specific rhythmic contexts. ux 
sibly such deviations from natural eol 
account in part for the reported tra 2 
between naturalness and intelligibility 1n s) 
thesized speech (Mattingly, 1971). intionté 
In principle at least, these specula exi- 
could be rather directly tested by “na 
ments on synthetic speech. The gen je 
approach would be to mark syllables 9 " 
accented in the syllable string and then appi 
the rhythm rule to the string. Relative T 
lable durations would thus be E geret 
and hence also the phonetic details anes ne 
by duration. Whether such rhythmic hich 
straints result in synthesized speech wh " 
is easier to listen to over long periods of y 
or is of better judged quality is then zm 2 
empirical question to be settled by listen A 
tests of various kinds, including tests a 
would be sensitive to long-term fatigu* 
effects, etc., hence to the “cost” of processimb 
distorted inputs, T Auto- 
Automatic speech recognition. — / han 
matically synthesized speech can be less i dis 
perfect yet remain intelligible because O r's 
redundancy in speech and the pere. 
ability to compensate for the inadequee i 
of the signal. It is the latter that alon 
judgments to be made about an aoe b 
quate input to the listener, so that eed 
and-error procedures can be used to eim 
Progress toward better quality er er 
Automatic speech recognition, on the ng 
hand, is seen to be particularly difficult a 
cause speech recognition by humans bir 
so little upon information in the xr 
signal and so heavily upon knowledge of , 
language and of the world not possesse mF 
computers (Pierce, 1969), Nevertheles™ 
the rhythmic hypotheses considered garlt 
Suggest an approach that in principle at eon 
might make it possible to extract more info! " 
mation from the acoustic signal than is qm 
fhe case, and additionally, bring the "m. 
ee abilities into the automatic ar 
lon routine, This approach involves bO 


the analysis of the signal and the resulting 
Printout, The first stage of 

Consist in dete 
Y locating v 


a asm 
AE analysis W p 
rmining the Syllabic patter” 
9wels or VOwellike segment: 


n 
/ 


a 
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T . . . 
a second stage would consist in extracting 
EE more veridical segmental information by 
à . y 
eans of a top-down analysis as suggested 


` earlier, The printout would reflect the two- 


es Mons of this analysis by providing a 
gn Sequence such that the syllabic pat- 
P s recognizable regardless of the accur- 
n of identification of any of the segments 
therein. Identifiable segments (those ex- 
ceeding some cutoff decision criterion) would 
= represented by appropriate phonetic sym- 
E. T vowellike segments 
able co ae represented by schwa ; unidentifi- 
iter oe segments might be repre- 
output by some neutral symbol. Such an 
Dec peonriuy a sequence in which the 
althon syllabic pattern may be made out 
gh many of the details are blurred. 
oe a sequence, like poor ditto copy 
Sed handwriting, might be more or less 
Mert sj since strategically located and cor- 
Word 1 entified consonants might cue whole 
ds. Thus by bringing the perceiver's 
Need knowledge of the language and of 
En to bear on evaluation of the printed 
Availabl trial-and-error procedures become 
a sie to the speech recognition. worker 
lone rs a analogous to those enjoyed by 
a in speech synthesis. And, 
might E the computer recognizing speech 
Bü E little more knowledge of the 
by ge and of the world than that required 


k Ne n SAEPE hs ER 
Sdeech computers assigned to synthesize 


F . 
URTHER, Finar SPECULATIONS Con- 
CERNING OTHER RESEARCH AREAS 


] 

tend thm structure considerations are po- 
Areas Y relevant in a variety of Han 
these Tn this concluding section, several o 
he Areas are mentioned. In some cases 
ai vance of rhythmic considerations is 
hi.” Clear, but in others it can be only 


hi 
&hly Speculative. 


mı . 
Mediate Memory 


ree ork in this research area has depended 
is Vily upon the use of digits, letters, and 
$ ler spoken stimulus inputs. Adams in- 
*stigated rhythmic factors in immediate re- 
Call of digit strings 2$ early as 1915, but 
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there has been relatively little interest in 
the rhythmic aspects of the speech stimulus 
in memory experiments until quite recently 
(e.g., Neisser, 1967). 

Most contemporary experiments on the 
role of temporal factors in immediate mem- 
ory have tended to focus on the grouping 
aspect of rhythmic sequences, using stimulus 
inputs designed to provide grouping by the 
insertion of pauses into the sequences. The 
effect of pauses has been seen as that of 
providing perceptual groupings and of pro- 
viding the opportunity for coding, rehearsal, 
etc., during the pause interval (e.g.. Bower 
& Springston, 1970; Laughery & Spector, 
1972). The present view would go further 
than this, to assume that speaking digits and 
other verbal input strings requires an orga- 
nized articulatory program just as does nor- 
mal speaking and hence produces a struc- 
tured stimulus to which the listener responds 
in the manner discussed earlier. Many ele- 
ments of this structure persist (it is assumed) 
even when the speaker tries to speak without 
intonation. Factors like these are often 
irrelevant to the purposes of the memory ex- 
periment, but they will nevertheless play a 
role in ongoing processing of the stimulus 
string. Sometimes these factors will be par- 
ticularly important. for example, when group 
v such that the subject does not 
know in advance how many items he will 
a group (e.g. Bower & Winzenz, 
y & Spector, 1972), in which 
case prosodic cues on group-initial elements 
could project ahead the general prosodic con- 
tour of the group, which includes cues as to 
the number of items it contains. The con- 
tribution of perceptual factors like these to 
memory experiments has not been syste- 
matically assessed, but there is evidence that 


sizes Vi 


hear in 
1969; Laughery 


they exist, as the following experiment 
shows. 
Neisser, Hoenig, and Goldstein (1969) 


examined the “prefix effect” from a point 
of view quite similar to that of the present 
paper. Earlier, Dallett (1964). following 
Conrad’s (1958, 1960) work, had shown that 
a redundant stimulus prefix spoken at the 
beginning of a seven-digit string reduced 
recall of the digits, even though the sub- 
ject was not required to repeat the redundant 
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digit, as compared to the condition in which 
the spoken redundant digit did not precede 
the string. Neisser et al. (1969) showed 
that the prefix effect disappeared when the 
redundant digit was uttered by a different 
speaker than the one speaking the digits to 
be recalled, so that the prefix could not be 
a part of the same production program. It 
appears that the listener actively responded 
to the whole spoken pattern, which, as the 
experimenters pointed out, required him to 
handle an eight-digit string at input and sup- 
press the prefix before speaking the recall 
digits back. Hence recall of prefixed seven- 
digit strings yielded about the same percent- 
age recall as eight-digit strings. This ex- 
Periment seems to show that intonation con- 
tour or other aspects of the speech stimulus 
can affect recall, but it does not make clear 
which details are important. Probably a 
Systematic analysis will require 
between normally 
other strings with 


Serial Pattern Learning 


Restle (1972) investig 
serial patterns which, 
rials used in the sectio 
herent structure as de 
trees (Restle, 1970; Ri 

auses introduced 
ciliated pattern lear: 
case in serial learni 
pauses were appr 
structure of the p; that is, they sepa- 
Fates -— 5 a reasonable guess that 
earning o. these Meanin. fu i 
e Dre facilitar ioe Sequences might 
ments in a sequence duri 
marked subunits but al 
organized around an accent Structure follow- 
ing the accent rule. 
that Restle's (1970) theory has been shown 
to be related to aspects of music structure, 


internal 


Martin 


Auditory Temporal Pattern Perception 
In the present theory, natural a 
temporal patterns, speech or otherwise, p 
Sound sequences with internal rper E 
described by the rhythm rules and e a 
wholistic unity. Hearing early elemen Sind 
a pattern generates expectancies concer ral 
later elements, in particular, the tempo A 
location of accents. For instance, xw 
on elements one and three and/or five "o | 
eight-element evenly spaced pattern fo led 
the accent rule, whereas accents on “i 
ments one and four do not follow the hidi Lr 
and lead to expectancies of triplets, W E. 
are appropriate for nine-element patte d 
but inappropriate for eight-element aee 
Expectancies that are confirmed show 


make any kind of perceptual processing 


easier, whereas expectancies that are violate 
should make processing harder. «im 

Most of the extensive work by we 
and his associates (Garner, 1970a; Gar! ; 
& Gottwald, 
Gottwald, 
1970) on auditory 
not bear directly oi 
their 
mining 
their fir 
theory, 


1968; Preusser, Gast a 
1970; Royer & Garner, “does 
temporal patterns "nce 
n this hypothesis S" r- 
methods were directed toward — 
Preferred organizations. But ong j 
ndings was suggestive for the pr 
In these experiments, after be 
Several continuous repetitions of a patte 
the subjects, whose task was always to ! 
port the pattern 
ferred to describe or track the patterns d 
placing runs either at the beginning or €” 


8 int 
of the pattern, regardless of the starting po"! 
of the 


hese 
the pattern, 
the case wher 
Stantial lengtl 
could apply. 

In Royer and 


awa LN 
correctly, generally 4 


pattern as it was presented to € 
were their preferred organizations is 
Of interest here, however” 
e there were no runs of sub 


ce 
^ So that no run preferen 


Garner's (| 966) experi" 


9 runs longer than two ele 
R,S 


on the average 
S point presented to tht 
the accent rule (i.e., place 
ents one and three) thay 
not follow the rule (i6 
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oe accents on elements one and four). 
ae that when the patterns did not 
fired he characteristics that permitted pre- 
a organizations (two of these three pat- 
E the most difficult in the experi- 
IM is the effects of starting point 
the a ifference in the time required for 
the e to confidently begin tracking 
higty ern, This interpretation is of course 
Gols speculative, and there may be other 
Mm nations, but it is supported by evidence 
jen s experiment designed explicitly to 
tin (197 interpretation. Sturges and Mar- 
P "ez M presentea patterns continuously 
Ban twice; the second pattern was either 
dignity the same (repeated ) or changed 
diffe y. The tasks were to judge same or 
B and then write the pattern(s). Re- 
Toe patterns that followed the accent 
liy J ere more easily recognized as repeat- 
tule € patterns that did not follow this 

. Similar results held for written recall. 


T OH 
guage Acquisition 


Sg toate features have been a traditional 
insta, n in studies of child language. For 
Patten children appear to learn intonation 
(W rns before they learn segmental features 

eir, 1966). Surely the rhythmic char- 


Acterict : : 
teristics of speech will make a difference 


ir š 
! the Way sentences are heard by children. 
] the boy saw 


a sentence like The gir m 
Naty home. This sentence sounds m y 
Saz sral ii boy is more strongly accented than 
tou] Or vice versa ; yet the two pronunciations 
ti d lead the child to give different imita- 

nS or paraphrases, ich in turn would 
d the developmental psycholinguist to dif- 
“tent conclusions concerning the compre- 
tension of embedded sentence More gen- 


as, it would not be surprising if a Dd 
cal of child language data that seem retrac- 
i S Br yould make sense 


Or ; 
3 UN By maebe grote : me phonetic 


if à à eal-ti 
c, POnsidered in terms of real-t 
9nsiderations. 
Meaning 
: ies to sounds, 


; ing app! 
Rhythmic pa o be said about se- 


but i à 
ut is there anyt" ® oy and — Chistovich 


Mantics ? cozhev™! 
(1965) eve pointed out that the syntagma, 


«+. has been defined al 
their articulatory, BO 


unit, ms 
asia unit of means McNeill (1971), who, 
1 
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incidentally, also cited Lashley's (1951) 
paper on serial order, has advanced the view 
that speech units contained within certain 
intonation contours are underlying structure 
sentences. Perhaps future work will show 
that ideas and meanings are efficiently en- 
coded into natural rhythms. There is an old 
tune, from the 1930s or so, called *It Don't 
MEAN a Thing if it Ain't Got That 
SWING." It refers, of course, to the 
rhythms of music, but there may be a sense 
in which it is true for the rhythms of lan- 
guage also. 
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increasing 
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processing rules and the 


€ between horizontal 
tor of direction oí rotation 
al sides playing a second. 


uantitative results of two studies used in 


model and the relationship of the model to other 
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and illusory percep- 


same sources of informa- 
and vertical contours is held 
, with the difference in 
ary role. A process model 
combined hierarchically. Predictions 


its develop- 


st other investigations. The role of 


discussed. 


. ion 
through the use of computer m 
(Braunstein, 19622. 1966; Green, rat 
Johansson, 1964). A general finding © sec- 
line of research is that the accuracy of ee 
tion of rotation judgments tends to be a 
when the shadow or computer-genera to 
projection is a polar projection but drops j 
chance levels when a parallel projeenen, 
displayed (Braunstein, 1962b, 1966; he 
son, 1957). The latter result is not 11 
prising as a parallel projection of an ong 
rotating about an axis perpendicular to nd 
line of sight is identical for clockwise 2 
counterclockwise directions of rotation. 


soft 
E WT ligh 
* Polar Projections are produced when the face 
reflected by an object is projected onto a =. E 
through a point, where this projection point 1s 


$ js : Eod ut 
finite distance from the object. In direct vision, t 


S ; dn. oin 
surface is the retina and the point is the focal B ar 
of the eye. Direct vision always involves bjec 
projections. As the distance of the observed o! 


a 
from the eye increases, the projection approaches y 
parallel projection. When an object is so DE 
that it must be observed through a telescopic dow 
the Projection is essentially parallel. When sha 
Projections are prodi 
the distance of the 


caster, relative to 
shadow-caster 
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Em (1957) explains the perception of 
y notion in displays of shadows of ob- 
A Sau continuous transformations 
i he basis of a direct sensitivity of the eye 

specific transformations. When the opti- 
cal motions induced at the eye by the shad- 
ae of transformations are the same as the 

ions which would occur in direct vision, 
p. shadows serve as an effective stimulus 
or depth perception. Johansson (1970) has 
expressed disagreement with the implication 
that the perception of rigid transformations 
m three-dimensional space can be understood 
Pam by studying the geometric information 
m the stimulus. He states that empirical 
i theoretical work should be directed at 
Cen the rules for stimulus data treat- 
Ment which characterize the visual system. 
ae strategy followed in the development of 

model presented below 1s 1m accord with 
Shansson’s proposal. 

The second line of research has been con- 
cerned mainly with the perception of the 
wem of rotation of rectangles and trape- 

Theat The objects have usually been viewed 
and y. Depth information from disparity 
4.« Convergence has been controlled through 
Ed monocular viewing. Viewing dis- 
Shim, have usually been used at which ac- 
i modation is ineffective. The principal 
nding of this research is that under the 
nas viewing conditions, accurate reports of 
Tection of rotation are obtained for rec- 
angles but reports of oscillation. are ob- 
“ned for trapezoids. This is the well-known 
Totating trapezoid illusion (Ames, 1951). 
i ered for the apparent oscillation depot 
üg trapezoid. Ames 1951) held the de 
Crease į -erall horizontal projection of 
n the overa > A 
le form to be the basis for perceived rotary 
moti < proposed that subjects 
Otion, He further prop 


unconsciously assumed the trapezoid to be a 
y ight 

of og Ne c oint, analogous to the lig 
once pr ojectio’ jection plane, analogous to the 
E and ke SS compute à projection which is 
fee — zy Eau cathode-ray-tube and usually 
Nüsse to, OU frame of a motion pic- 
ture. a DE computer technique is not subject to 
the physical limitatio of Mabe Source to object 
CERA it can be ysed to produce true parallel 

» 


Projections. 


sil 


slanted rectangle because of their past ex- 
perience with the retinal projections of rec- 
tangular windows viewed from various 
angles. This assumption would cause the 
shorter vertical side to appear tilted away 
from the subject at all times. When the 
shorter side was actually closer, the orienta- 
tion of the trapezoid would be misperceived. 
The combination of perceived rotary motion 
and misperceived orientation would result in 
misperceived direction of rotation. Pastore 
(1952) and Graham (1963) offered explana- 
tions similar to that proposed by Ames, ex- 
cept for their handling of misperceived initial 
slant. Pastore proposed that the initial mis- 
perception of slant was due to central proc- 
esses of the kind advanced by Gestalt psy- 
chologists. Graham concluded that it was 
linear perspective which caused the longer 
vertical side to appear closer, regardless of 
its actual position. Day and Power (1965) 
proposed a theory based on an identity of 
retinal projections for the two directions of 
motion. Hershberger (1967) has noted that 
this identity holds only for parallel projec- 
tions. The Day and Power explanation was 
also disputed by Cook, Mefferd, and Wie- 
land (1967). They concluded that apparent 
reversals of rotary motion are due to ap- 
parent reversals of orientation (perspective 
reversals) in depth which “occur quite auto- 
matically and abruptly, even in the presence 
of valid depth cues [p- 701]." They do not, 
however, explain the basis for the reversals. 
There is a general problem with these ex- 
planations cited above for the perception or 
misperception of rotary motion: These ex- 
planations fail to take into account the inter- 
action between changes in the shape of the 
projection of a rotating form which are due 
to characteristics of its original shape and 
changes which are due to the distance be- 
tween the form and the projection point (see 
Footnote 3). Specifically, they fail to ac- 
count for the most general findings of the 
studies previously cited : With a sufficiently 
distant projection point the direction of rota- 
tion of any form may be misperceived, with 
certain forms giving rise to systematic mis- 
perceptions. With closer projection points, 


the direction of rotation of some forms will 
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be correctly perceived while that of other 
forms will still be misperceived. With a 
close enough projection point, the direction 
of rotation of any form will be correctly per- 
ceived. . 
in- 
of the per- 
ception of rotary motion because they de- 
rived from separate lines of research employ- 
The shadow 
used in com- 
parisons of accuracy of direction judgments 
Studies com- 
not included 
in viewing 
1964, studied 


sequence projected at 
vation of rotation in 


need for additional research before an ade- 


summarized below (Braunstein, 
1971; Braunstein & Payne, 1968), repre- 
sent the beginnings of this line of research. 
They form the empirical base for the model 
Presented in the section which follows, 


EXPERIMENTAL Data 


dimensional forms, com- 
puter-generated motion picture sequences 
representing rectangles, trapezoids, circles, 
and ellipses undergoing 360° rotations about 


a vertical axis, Projections of these trans- 
formations were 1 projection 


at distances 
to 4.5, i 
the figure, 
ation yields 4 
four yield polar 
direction judg- 
orms displayed 


The first Projection 
parallel projection ; the 
projections, Accuracy of 
ments was low for all 
through parallel projections, but the type of 
"ror varied with the figure. The direction 
of rotation of the rectangle was accurately 
eported for the entire 360° cycle in one. 


other 
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fourth of the observations. The direc 
was inaccurately reported for the entire E 
in approximately one-fourth of the "-—— j 
tions. Reversal of direction during a if of 
cycle was reported in the remaining ha 3 
the Observations, In contrast, oscillation W a 
reported in every 360° cycle when the Wee l 
zoid was displayed with a parallel projec s 
With polar projections, accuracy inci a 
with decreasing projection point distance d 
all forms, but increased most rapidly a 
the rectangle, Sequences were also te 
duced in which only the vertical or only t 


T " A e ed con- - 
horizontal coordinates of each projected 


tour were affected by a polar eae 
based on one of the four finite projection e. 
tances, with the other coordinates subjec a 
to a parallel Projection. These special p te 
jections were used in an attempt to ae 
the effects of changes in each of the ame 
sions of the projected image on judgments ie 
direction of rotation. Figure 1 shows d 
of a rotated rectangle displayed wi a 
ordinary polar projection, with apr 
changes only based on à polar projection A 
with horizontal changes only based on a 
polar projection, Accuracy of rs 
judgments for rotating rectangles and hp 
zoids increased about as rapidly with his 
creasing projection point distance when t "i 
distance affected only the vertical dimensio! 4 
of the projected image as when it point 
imensions, When distance change? 
affected the horizontal dimension only, a 
Tacy exceeded chance levels but TN 
low for all Projection distances. Tt was bn " 
Cluded that the changes in the image m 
jected by a rotating rectangle or trapez? 
which most affect accuracy of direction © 
rotation judgments are in the dimensio! 
Parallel to the axis of rotation (vertical 1? 
that. study), Changes in the other dimen- 
i to have a secondary effect. 


Js implies that direction judgments are 


parallel to 
at least one second- 
A nges in the perpen- 
dimension of the Projected image: 
.?UDpport for this implication is also found 

à study by Jansson & Borjesson, 1969. 


ary factor r 
dicular 


| 


44 


i 
| |^ oe 
NN 


E 


ice T. Projections of a rectangle (upper left) 

bola eq about a vertical axis and displayed with a 

chan, Projection (upper right), with horizontal 

} left) as only affected by a polar projection (lower 

B dolar and with vertical changes only affected by a 
ar projection (lower right). 


| E à different method of isolating hori- 
lio al and vertical changes in polar projec- 
ns.) 
br Hen study attempted. to further 
dives the sources of information used in 
es bate of rotation judgments through the 
es à series of forms which systematically 
Ombined the geometrical features of rec- 
modiis and trapezoids. These features were 
gs ™Mpassed in three factors: (a) angles 
veen horizontal and vertical contours; 
xn extents of vertical contours; and (c) 
| iion of the axis of rotation relative to 
aig Ertical contours (see Figure 2). Ln 
Cent 9f rotation was either at the horizonta 
er of the form (symmetric) or displaced 
ea right (asymmetric). (In the Ames 
ini we and in those studied by Braunstein 
to Payne, 1968, the axis of rotation m 
— to the shorter vertical. side.) Hach 
Dete was „displayed undergoing one — 
dis € rotation about a vertical axis. Each 
Play was produced with one of five dis- 
ances between the projection point and the 
axis of rotation. Accuracy of direction 
Judgments increased with decreased projec- 
lon distance for each form. Accuracy was 
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highest for the forms most like rectangles, 
lowest for those most like trapezoids, and 
intermediate for the forms which combined 
features of rectangles and trapezoids. For 
ihe intermediate forms, accuracy was ordered 
primarily by angle relationships, secondarily 
by side relationships, and affected only 
slightly by the position of the axis of rota- 
tion. These results, together with those of 
the Braunstein and Payne study, indicated 
that changes in the angles between horizontal 
and vertical contours in the projected image 
constitute the principal source of information 
used by subjects in direction of rotation 
judgments. Changes in these angles are 
affected by direction of rotation only in polar 
projections and reflect changes in the vertical 
positions of the projected contours. 

There appears to be a secondary source of 
information related to changes in the hori- 
zontal positions of the projected contours. 
The projections of both vertical sides in- 
crease in velocity as the form leaves the 
irontal position. These velocity changes are 
affected by direction of rotation only in 
polar projections. It is hypothesized that 
subjects tend to judge the side which is ac- 
celerating more rapidly to be approaching. 
The use of acceleration differences as the 
secondary factor in the model is a somewhat 
arbitrary choice. It is based on the similar- 


db 


Fic. 2. An incomplete rectangle (upper left) 


and trapezoid (lower right) and pus M ra 
a rectangle and the vert 

SN Copper right) and the sides of a rectangle 

and the angles of a trapezoid (lower left). 
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ANGLE OF ROTATION (oecREES) 


Fic. 3. Two criteria for ju 
zoid undergoing counterclocky 


trary units; form width was 1.2 units). 


ity of the rel 
differences ar 


Judgments to that 
found between augle changes and direction 
judgments, In both cases direction judg- 
ments 


appear to be relateq 
criterion variable, 


he two hypothesized cri 
ments of direction of 
in Figure 3, 


teria for judg- 
are illustrated 


rule bas 
of this function Which woul 


rect direction judgments 
would produce judgments of 
trapezoids. At the closer vi 
(upper right), the sign remains the same for 
both forms for a considerabl 


e interval (over 
45°) after the forms return to the frontal 


ed on the sign 
d produce cor- 
for rectangles 
oscillation for 
ewing distance 


dging direction of rotation for a 
vise rotation, showr 
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rectangle and a trape- 
1 for two viewing distances (in arbi- 


7 ign 
Position (180°). A rule based on pe. 
of this function and applied within tha 


‘ection judg“ 
val would produce the same direction j 


ments for both forms, logous 
he lower graphs illustrate an ana dary 
ation for the hypothesized secor 
Source of information : the difference in : ater 
eration of the vertical sides. At the gr E o 
viewing distance (lower left), the sig 


situ 


e: 
3 Ped s j 
this function is the same for both form 


ie) 
tween 0? and 180° and opposite for ie Oe 
forms between 180° and 360°. At thé 5 1 i5 
viewing distance (lower right), the sig? 7 
again the same for both forms vam 
and 180°, ae two functions take on the 
posite signs at 180°, but the sign is apa iE 
forms after 192", A i 
of this function and apP i 
after the form leaves the irora 
uld produce the same direct! 7 
for both forms, Either criteri? 


Position wo 
Judgments 


* 


1 


í 


- eee 


applied in an interval between 12° and 45° 
after the form leaves the frontal position, 
could account for (a) correct perception of 
direction of rotation for rectangles at the 
Sreater viewing distance, (b) perception of 
oscillation for trapezoids at the greater dis- 
tance, and (c) correct perception of direction 
for both forms at the closer distance. 

If these graphs were presented for parallel 
Projections, both the contour change and 
acceleration difference functions for the rec- 
tangle would appear as horizontal lines 
through Y =0. Neither criterion is usable 
for direction judgments in this case, and the 
Model presented below matches the experi- 
Mental data with a random process. For 
the trapezoid, these functions would be simi- 
lar to those shown for the distance of 48. 
Subjects are assumed to use these two cri- 
teria in judging direction of rotation, even 
for parallel projections of a rotating trape- 
zoid, although these functions are unrelated 
fo direction of rotation for such projections. 
They are determined entirely by the shape of 
the trapezoid and the position of the axis of 
Totation. The angle change function, for 
Parallel projections, deviates from a hori- 
zontal line as the angles in the original form 
deviate from right angles. The acceleration 
difference function deviates from a hori- 
zontal line as the vertical sides in the original 
form deviate from equidistance from the 
axis of rotation. 


A MODEL or THE PERCEPTION 
or Rorary MOTION 

The following model is based on the two 
Processing rules suggested in the previous 
Section, Tt is intended to account for the 
"ésponses obtained in the two studies just 
"seussed and to be consistent with general 
ndings on the perception of direction of 
rotation for rectangles and trapezoids. The 
Presentation of these rules in the form of a 
fos model should facilitate generaliza- 
fis to additional two- and three-dimensional 
"mulus materials and to other experimental 
Sonditions, 

Before judging direction of rotation, the 
Subject must decide (a) whether he is ob- 
Serving a rigid form, and (5) whether it is 


$ Totating in three-dimensional space. 
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These two related judgments are not han- 
dled in the present model, but appear to 
involve a comparison of the relative 
changes in horizontal and vertical posi- 
tions of projected points over time to a 
cosine function. 


If the form is judged to be rigid and rotat- 
ing, its direction is judged in the following 
manner: 


One of the vertical sides is considered. 
(This choice is arbitary in the present 
model.) 

A decision is made as to whether that side 
is approaching or receding: If changes in 
the angles between that side and the pro- 
jection of the horizontal sides are detect- 
able, then (a) if the angle is increasing, 
the side is judged to be receding, or (5) 
if the angle is decreasing the side is judged 
to be approaching. 

If changes in the angles are not detectable, 
then if changes in the relative acceleration 
of the vertical sides are detectable, the side 
which is accelerating more rapidly is 
judged to be approaching. 

If neither change is detectable, the judg- 
ment of which side is approaching is made 
on some other basis which will tentatively 
be approximated by a random choice. 


If the side is judged to be approaching, then : 


if it is to the right of the axis of rotation 
a clockwise direction is judged. 
Otherwise, a counterclockwise direction is 


judged. 
Tf the side is judged to be receding, then: 


if it is to the right of the axis of rotation 
a counterclockwise direction is judged. 
Otherwise, a clockwise direction is judged. 


Figure 4 presents the model in flow chart 
form. The “Experimenter Routine” is not 
part of the model but is included to show 
the nature of the stimulus input to the “Sub- 
ject Model.” The information provided to 
the Subject Model is the same as that used 
to plot frames of computer-generated motion 
pictures for use in experiments with pra 
subjects (Braunstein, 1962a, 1966, 1971; 
Braunstein & Payne, 1968). 
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Model are not fully specified i 
version of that model. Data 
cesses involved in these decisior 
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tating rectangles and trapezoids. The per- 
ception of a rigid form undergoing rotary 
(including oscillatory) motion occurs al- 
most without exception for these stimuli. 
The selected side makes little difference. 
These steps would have to be specified before 
the model could be applied to a wider range 
of stimuli. 

The central decision in the model, “Is the 
Selected side approaching?," is handled in a 
Subroutine. In the present version of the 
model this question is asked at only two 
Positions during each 360° rotation. This 
implies that changes in perceived direction of 
rotation occur within a small interval (8°) 
after the form leaves the frontal position 
(0° or 180°). This result has been obtained 
in several studies, with a variety of forms 
(Cook, Meflerd, & Wieland, 1967; Day & 
Power, 1965; Graham & Gillam, 1970). If 
the rotation sequence is at A? or at 180 + B^. 
the first decision criterion is checked. — ( Test- 
Ng direction at the end of the B? interval, 
rather than throughout the interval, is an ap- 
Proximation which has no effect on the per- 
9rmance of the model) If the absolute 
Cange in the angle between the selected ver- 
‘cal side and an adjacent segments exceeds a 
Subject sensitivity parameter, the decision of 
Whether the side is approaching is made on 
'* basis of that criterion. The second ao 
rion ig considered if the first «criterion 
Tees not exceed the sensitivity puram ae 
n the difference in acceleration of ms a 
rang, parametër; the den s ot a random 
To „Process. The use e ERER 
Which it is hoped, is a jn Oat 
ai 1 can eventually be repla 

Nal decision criteria. 
Ma. Me decision x M ade by 
rou, S approaching !$ ane 3 
iol the judgment ae 
ara n -—— indt the subject can 
judge t is ass of the axis of rotation 

the locatiot o and 270°) and can 
Which is obvious at 90° ? he projection of 


asi s ;hether t 
Silly determine pne to the left or to 


e selected side 15 "feld of view. 


t H é 15 gU : 
he right across Sm individual differences 


The model ha" 


hether the selected 
the sub- 
f direction of rota- 
] is straightfor- 


by using a range of subject sensitivity pa- 
rameters. At present, it is designed to com- 
pute averages for simulated subjects, pre- 
dicting group data. If an independent meas- 
ure of the sensitivity parameters could be 
obtained for individual subjects, and if these 
parameters represent a subject characteristic 
which is stable over time, the model could 
be used to predict the judgments of indi- 
vidual subjects. 


EVALUATION Or THE MopkL 


In a first test of the model, a set of sub- 
ject sensitivity parameters and a position 
sampling parameter were selected which 
would enable the model to approximate the 
quantitative results of Braunstein and Payne 
(1968) and unpublished detailed results 
summarized by Braunstein (19071). The 
model results were based on 100 simulated 
subjects. Each subject was assigned to one 
of three levels of sensitivity to contour angle 
changes for rectangles and to one of three 
different levels of sensitivity to contour 
angle changes for trapezoids. The use of 
two sets of sensitivity parameters for angle 
changes reflects the hypothesis (Braunstein 
& Payne, 1968) that subjects are more sen- 
sitive to deviations from right angles than to 
deviations from acute or obtuse angles. Each 
subject was assigned to one of two levels 
of sensitivity to acceleration differences. 
These levels were the same for both rec- 
tangles and trapezoids. The deviation from 
the frontal plane at which the model made 
its direction. judgments was 36°. 

Table | compares the observed results 
with those generated by the model. The 
model accounts for the quantitative differ- 
ences in the results obtained with rectangles 
and trapezoids in both studies. Results 
matched by the model include (a) the find- 
ing of 5096 oscillations per cycle for rec- 
tangles and 100% for trapezoids with paral- 
lel projections; (5) the more rapid increase 
to complete accuracy for rectangles than for 
trapezoids with decreasing projection dis- 
tance ; and (c) the slight increase in accuracy 
found at intermediate projection distances 
when the axis of rotation was at the center 
of the form rather than displaced to one side, 
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TABLE 1 £ 
ps PROPORTIONS 
ye Ge n ' THE MODEL TO OBSERVED PR 
COMPARISONS OF RESPONSE PROPORTIONS GENERATED BY THE o 
] z " Observed E. 
Model 
- ——————r n. 
| Perspective 2 : = a | Oscillation 
pt 5:23 Correct | Incorrect | Oscillation | Correct | Incorrect | Ose ; 
à | 46 
| on | 2s | 29 Bie 
b .18 .30 52 35 42 
| 4: 37 32 21 E |^ "33 
L051* 61 Az | 39 58 pe 08 
1.118 .84 .06 | 10 | .83 n 0 
1.22« 93 .03 04 1.00 Ü 0 
Symmetric rectangles 1.25» 1.00 0 0 .98 02 0 
50b 0 0 1.00 0 ) 
| 1.50" 1.00 bs ( 
1.50: 1.00 0 | 0 1.00 | 3 0 
1.75» 1.00 0 0 1.00 | ; n 
2.0 | 100 | O 0 .99 ( 
j. — | | I 8 33 
| aos | 57 40 33 .58 Eh 25 
1.051* | 58 | M ol A o0 317 
2 n -l 
Asymmetric rectangles ae | D = kc Qs as Y 
1,5¢ 1.00 0 0 92 : — 
I 92 
1.025: 0 0 | 1.00 04 4 ‘33 
1.0516 07 0 93 AT 0 92 
Symmetric trapezoids 1.11¢ 09 | 0 21 .08 0 54 
1.22¢ .39 0 61 46 0 .08 
1.507 .93 0 07 92 0 —— 
EE I a = = ae ay x 
nd 
1.00» .03 .03 94 0 0 100 
1.025¢ 0 0 1.00 0 0 92 
1.051* 07 0 .93 .08 0 96 
1.11e .09 0 .91 .04 0 .66 
m e iied 1,22» 46 0 54 ET 03 75 
Asymmetric trapezoids 1.226 21 0 EH 25 0 
1.43» .98 0 .02 .84 .02 21 
1.50: 78 0 22 «79 0 102 
1.64^ 1.00 0 | 0 .96 .02 ñ 
1.845 1.00 0 0 1.00 0 AA 
ra T, 
^ The perspective ratio is the ratio of the Sum of the distance of the Projection point to the " 
the form to the difference between that distance and half the width 
raunstein, 1971), 


?served proportions from Braunstein and Payn 
the width of th 


ne trapezoids and therefore differ from 
used to Renerate the trapezoids, 


° Observed Proportions from Braunstein (1971). 


* (1968). 
those in th 


c trape- 
Perspective ratio, 


) 
t of the model, an attempt 
ch the results of five other 
studies (Cook, Mefferd, & Wieland, 1967 ; 


Day & Power, 1963; Murch, 1970; Power, 
1967; Zegers, 1964), without altering the 
values of any of the parameters, Each of 
these studies differed from the first two to 
which the model was compared in three 


was made to mat 


TI 


he perspectiv, 
e Original arti 


> ob- 
Ways: (a) Subjects observed we i 
jects directly, rather than iwo-dimens ja 
projections of rotating forms. (b) A red 
consisted of 20-30 revolutions, as comp d 
to a single revolution in the first two stt 


(c) Subjects signaled when they wished i 
report a reversal of direction, rather 1 
continuously 


indicating one direction o5 
another, *Sers (1964) presented the Tig 
extensive set or quantitative results. dic 
ure 5 compares his results with the pre in 
tons of the model for an experiment 
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8 r4 
60 
a 
| 
Ww 
=} 
o 
E 40 
& MODEL” 
E 
«X 
wn 
a 
E 
ta 20 
a 
z 
q 
I" 
z 
o =O a) s! 
[*] 4 8 12 16 20 24 
VIEWING DISTANCE (FT.) 
Fic. 5. Comparison of the model to results of Zegers (1964) 


for variations in viewing distance. 


po reversal f requency was measured as a 
aliove of viewing distance. The model 
Ss s the observed trend but underesti- 
"hi 8 reversal frequencies at most distances. 
hie: can be attributed to a difference be- 
n the rotation speed used by Zegers 
D oA per minute [rpm]) and that 
ot ac the studies on which the parameters 
Shea model are based (8 rpm). Zegers 
dis differences in reversal frequency of 
th i SE as a result of differences 
Porte un speeds in another experiment re- 
e € in the same paper. Figure 6 com- 
the E Zegers’ results with the predictions ot 
ei when the length of one of the ver- 
ion Sides of the form is varied. The rota- 
Bye eae used by Zegers in the part of his 
Sery riment illustrated was 5 rpm. - The ob- 
Eu. and model. results are similar in 
mo ral trend and in quantitative level. A 
* detailed comparison would probably 
Maui, ERR as Zegers’ points are each 
ing A on data from only three subjects, vIew- 
tion Achi refrains object for one 30-revolu- 
| trial. 
has mode d A the quantitative 
(1967 EST » and Wieland 
7). These results are quite different 
Tom those of other investigators using simi- 


lar stimulus materials and viewing dis- 
tances (e.g, Day & Power, 1963; Murch, 
1970: Power, 1967; Zegers, 1964). At a 
rotation speed of 5 rpm, for example, they 
obtained 12 times the reversal frequency for 
a rectangle and twice the frequency for a 
trapezoid as did Zegers (1964) using com- 
parable figure dimensions and viewing dis- 
tance. Unlike other investigators, Cook et 
al. failed to find a significant difference be- 
tween rectangles and trapezoids. These dis- 
crepancies may be related to the unusual sub- 
ject population in the Cook study. Their 
subjects 


had had considerable experience in making per- 
ceptual judgments but were naive with respect to 
the purposes of these experiments. Motivated Os 
who were experienced in making careful percep- 
tual judgments and reporting them in detail were 
deemed desirable for several reasons. The pres- 
ent experiments required a number of very fine 
perceptual discriminations which were not easily 
made by naive Os. The probability of obtaining 
reliable and valid judgments was therefore maxi- 


mized with practiced Os. Moreover, many per- 
verlooked by naive Os un- 


ceptual phenomena are o ok i u 
less a period of specific training and instruction 
is given [p. 694]. 

he results of other recent 


Predictions of tl t recen 
e ordinal relationships in 


studies preserve th 
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MODEL 


Nzecens 


10 9 8 


LENGTH OF VERTICAL SIDE (IN.) 


Fic. 6. 


Comparison of the model to results of Zegers (1964) 


for variations in trapezoid dimensions. 


the obtained data, although they deviate from 
the quantitati 


ve values reported. For 20 
revolutions, mean apparent reversals were 
obtained of 0 for a rectangle (Day & Power, 
1963), 2.9 (Power, 1967), and 3.9 (Murch, 
1970) for squares, and 34 (Day & Power, 
1963), and 36 (Murch, 1970) for trapezoids. 
The model predicts means of 2, 4.7, 6.6, 15, 
and 22, respectively, for the form dimensions 
and viewing distances used in those studies, 

In Summary, the model can match the de- 
tailed quantitative results of the two studies 


used to develop it and, without parameter 
adjustment, can apy 


4 proximate the quantita- 
tive findings (of the Zegers (1964) studies 
and the qualitative results of other experi- 
menters. The quantitative results obtained 
with the model depend on subject sensitivity 
parameters which should be independently 
measurable. When more data is a 


available 
on the effects of experimental procedures on 


these parameters, it should be possible to 


make meaningful parameter adjustments. 


This should enable the model to fit the qu 
titative results of a wider variety of m 
ments. At present, the overall agreeme 
between the ordinal predictions of the E. 
and results obtained in widely differing a5 
perimental situations can be 


regarded 
support for this form of model. 


Discussion P. 
a ‘ pce prio? 
Heuristic Processes in Depth Percep 


n CERO B oes incor“ 
The two principal processing rules emits 
porated in the model are examples of - ing 
. SOIV 
tic processes. These are problem-so olu- 
methods which tend to produce efficient 5 the 
tions to difficult Problems by restricting He 
search through the Space of possible E 
tions, on the basis of some evaluation of t! A 
structure of the Problen e restri? 
ü I iy he sam rat 
10n on d 1 : "aed 1 
Search which increases efficien 
when a Solution ; of 
E. S reached by means 
heuristic Process s x ` ilurt 
Sometimes results in fait 
to reach the desire 


: s100 
© solution, The definitio! 
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Bose M err and the criteria for effi- — There are at least two plausible criteria 
en oou P partiewar problem. In for the efficiency of a perceptual process. 
solution p -— or example, the desired The process should be capable of achieving 
ER ned les pe Heuristic processes certain critical judgments very rapidly. 
Bi cr pisei paie eis namber of permuta- Judgments about whether a form, even if 
Tets iN ee s H msc be tried, In unidentified, is approaching or receding, may 
Stine rici =e ution 4 the selection of fall into this category. A slower process 
DEod of noe ceni the player’s likeli- which would always lead to a correct judg- 
Methode are eon Pa vales o M pee Mee might be of less value in helping an 
bali jelewesmuived to select € e dep ho the observer select appropriate responses than 
lic inm: ec z ect the move. Heuris- a more rapid process which might lead to an 
A i S Es. xta yr contrasted with incorrect judgment for very unusual stimulus 
ton iets eh ong E the de- conditions. A useful perceptual process 
ES E n i ully executed, but which should also be capable of handling degraded 

ay be too slow or otherwise inefficient to information. Processes which always lead 


| 
Ep ctt er hae o pee dec Mens | 
m axioms to prow Í vh vork at all under degraded | 
owing the implications of every possible conditions, may not be as useful as processes | 
chess move to the end of the game are ex- which usually lead to correct judgments | 
amples of such algorithms. under ideal conditions and often do so MGE 


Tn depth perception, heuristic methods are degraded conditions. 
used to solve a continuous problem for the In the present model, the decision rules 
human observer: the problem of transform- — based on changes in contour angles and dif- 
ing information from the optic arrays in the ferences in acceleration are believed to re- 
two eyes and adjustments of the muscles in- flect the principal heuristic processes used 
volved in convergence and accommodation by human subjects. Either of these processes 
mto hypotheses concerning the external en- can produce accurate direction judgments for 
vironment. The hypotheses represent the polar projections of rotating rectangles. The 
ibserver's solutions to the perceptual prob- first process produces inaccurate judgments 
em, Veridical perception would appear to for trapezoids at low perspective levels when | 
ean appropriate definition of a desired solu- the vertical side enclosed by acute angles is 
tion, Perceptual processes which regularly receding. | The second process produces in- 
misinformed an animal about his environ- accurate judgments at low perspective levels 
Ment would not be expected to be found in for figures with vertical sides which are not 
Species. or in individuals, which have sur- equidistant from the ans of rotation when 
Vived (Gibson 1966, Ch. 1). the vertical side further from that axis is | 
? occasionally fail to receding. There is another process which, 
ptions even when suf- 1t used, would lead to accurate judgments of 
available in the optic direction of rotation for both rectangles and 
lo not represent errors trapezoids at „all polar perspective levels. 
i ese t "ocessing rules. Non- This would simply require that a side be 
! the application of process e 3 judged as approaching if the visua i 
'erid: d ation occurs when these rules judg Pape ming xr the visual angle it 
idical pet ception Bi is situations subtends is increasing. Subjects do not ap- 
Selle applied. x 8 assumptions pear to make judgments of direction of rota- 
h are not in acce! sh the tion on that basis. The arguments presented 
ion above would suggest that subjects might not 
San; Hed s used are use that process because it is based on 
hieved, the heuri? than alternative changes which are more difficult to detect or 
ient ke full advantage are more susceptible to degradation than are 
E the optic contour angle changes and acceleration com- 


ould » 
available in 2 ES : - 
a parisons, The type of evidence which would 


. Heuristic processes 
achieve veridical perce 
icient information !5 
array, These failures < 


W 


Tu 
i les are based. 


‘obably more € 
r a $ 
Ocesses which W 


( 9 T 
M f : the informatio" 
? Uray 
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be required to confirm this Suggestion is not 
currently available, so it must remain in the 
realm of speculation for now. 


Relationships to Other Theories 


There is a fundamental difference between 
the present theory and others which have 
offered explanations for the mispreception of 
rotary motion in depth. Each of the expla- 
nations previously cited for the rotating 
trapezoid illusion holds that observers fail to 
use veridical motion inform 


ation because this 
information is weak, absent, or dominated by 


information from a nonveridical source. In 
the present theory the misperception of ro- 
tary motion does not involve a conflict be- 
tween veridical and nonveridic; 
information or the switching from a veridical 
to a nonveridical source. Instead, the same 
Sources of information and the same pro- 
cessing rules which result in veridical direc- 
tion judgments for Some forms under some 
viewing conditions have been shown to re- 


Sult in nonveridical judgments for other 
forms under other 


al sources of 


These 
amic changes in 
ting form rather 
atic characteristics 
kely that direction 
on perceptions of 
à form which is shown 
tous transformation, On 
mic changes have been 
rably more effective than 
determining slant judg- 
1968; Gibson & Gibson, 
explanation of non- 


of the form. Tt seems unli 
judgments would be based 
Static properties of 
undergoing a continu 
the contrary, dyna: 
Shown to be conside 
Static properties in 
ments 


tore, 1952), linear perspective (Graham, 
1963), or false Shape constaney (Gibson & 
Gibson, 1957). 


An explanation of Perceived oscillation in 
a rotating trapezoid based entirely on dy- 
namic properties of the projected image has 
been advanced by Guastella (1966). The ob- 
server is assumed to be most affected by the 
most rapidly changing element in the retinal 


image. The illusion is held to occur when 
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he 
the rate of change of the visual angle a 
projection of the furthest edge FP. the 
than that of the nearest edge, or č sto 0 
change of rate of motion of the ape of the 
the furthest edge is greater than tha codi 
closest edge. Guastella did. pe ed 
empirical support for the specifics it unstein, 
planation, and recent results (Bra forma? 
1971) indicate that the sources of 21 ones 
tion suggested by her are not the dia 
actually used by subjects in judging uM 
tion of rotation. Inequality of the ze 
edges, which can cause the longer am 
change more rapidly even when it is u the 
from the observer, is not essential » 
illusion. Horizontal changes appear " tica 
tribute to the illusion only when P ro- 
sides are not equidistant from the on ; no 
tation in the original form, a conditio! 
met in Guastella's analysi ical stim 
While dynamic properties of opaco 
ulation are emphasized by Gibson ( ‘ption 
he does not explain nonveridical percer a 
of rotation on the basis of such prope E 
Gibson stated that his theory is Kus 
theory of correct perception [which] "oid 
explain incorrect perception by a 
mentary assumptions [1966, p. 287]. ob- 
rect perception is held to be achieved by the 
servers through the use of invariants rA on 
Optic arrays. Perceptual processes base if 
invariants are analogous to algorithms ng 
problem solving, as contrasted to the Deu in^ 
tic processes proposed here, As pent 1c 
sists that motion perspective should proc F " 
veridical judgments of relationships in dep 
he must resort to a postulate of misperoei i 
static orientation to explain misperceived © 
rection of rotary motion (Gibson & Gba 
1957). This constitutes a major difficu'? 
for Gibson’s theory. ib- 
Johansson (1970), in a critique of Gr 
son's (1966) writings concerning “ecologic 
Optics," sketches a theoretical struct! 
which stresses the analysis of the proximé 


stimulus by the visual system, This is c0" 
trasted to Gj " 


moni I»son's emphasis on the re 
tionship between the distal environment afa 
9n available about this enviro” 
Johansson stated that r 
[visual] System js given bi 
mulus data treatment (th 


est 


the informati 
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ming of the visual computer, if you accept 
way. pua we rules which work in an automatic 
S simal a ich result dn ,veridicality when the 
Seci vh duin are projections from moving rigid 
Dedi d/or a rigid environment in motion rela- 
NG By& ils 
E^ i have been shown experimentally to 
P orhin - pl Paper nicer way and leave basically 
With bit 4! subjective choice. . T We are dealing 
rure > basic and rather rigid decoding principles 
of is y common for all types of visual systems 
a tuis ype) as one category and, as another, 
come e ess advanced ability to adapt the out- 
needed n this primary decoding scheme when 
kind m : ad may perhaps be re ded as some 
With a xs ogy to a basic programming together 
and ane of changing some instructions 
ants within the program of a computer 


[pp. 73-74]. 


Bus paent theory appears to fit into the 
D oer es outlined by Johansson. The only 
uota "es deviation from the statements 
pa d above which has been proposed here 
4$ the insertion of “usually” before the words 
results in veridicality.” This would em- 
Roe the belief expressed here that the 

€s used by the visual system are heuristic 
Processes. 


CONCLUSION 


The study of the sensitivity of the human 


bserver to transformations of the visual 
Rd has been characterized by an emphasis 
SA finding stimulus characteristics which per- 
"It. veridica] perception of motion m depth 
(Gibson, 1957 ; Hay, 1966). It is essential, 
i ever, that theories. of depth pensi 
9 explain nonveridical percepi e o 
sSlbowitz has pointed out, an unexplained 
„ Sion should “be considered an indica 
"t our knowledge of fundamental laws 9 
Pitoene ror 5 1965, p- 42]. The 
€ption is inadequate [ B both cou 
i 9del presented here accounts for x NES 
ie and illusory PC" ON eicentual 
prms by postulating D 


: in various 
Dri : lied in vario 
cesses which, when app jd either per- 
Mulus situations, ! 


may yS E F 
i :ectively COT 
“ptual j vhich are objec 
tect E inde Tt produces ee 
Match are Ee 2 eem e CUm 
the a E TOES viewing ista 

ual or simul 
th 
.. € shape of the re Fart 


e form are varied and 
Ubjects are requir’ ents or 


o give continu- 
to signal per- 
H " H eT 
"S direction judf 
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ceived oscillations. The present model is 
limited to rotating trapezoids and rectangles. 
This is a reflection of the availability of 
quantitative data for various stimulus con- 
figurations. Data are currently being col- 
lected on the perception of direction of rota- 
tion and figural coherence in three-dimen- 
sional dot patterns lacking visible contours. 
It is expected that the model can be general- 
ized to include this case and other stimulus 


configurations. 
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RELATION BETWEEN THE 


IMMEDIATE MEMORY 


SPAN AND THE MEMORY SEARCH RATE' 
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A comparison of memory span and item recognition data across several 
classes of stimuli shows that the time to search through a full memory 
(i.e, the number of items stored equals the memory span) in the item recog- 
nition task is a constant one-quarter of a second, regardless of material. 


It has long been known that the span of 
immediate memory depends on the type of 
material tested (Jacobs, 1887); similarly, 
Sternberg (1969) has shown that the rate at 
Which items are processed in memory in the 
item recognition task varies with the type of 
stimulus. To date, no comparison has been 
made between these two paradigms, perhaps 
because of their differences—the former is a 
recall task involving an error criterion and 
the latter a recognition task involving latency 
data, 

Freund, Brelsford, and Atkinson (1969), 
however, have recently given evidence that 
differences in retrieval processes are suffi- 
cient to account for the differences between 
Teeall and recognition error performance. 
“urthermore, reaction time experiments 
Comparing context recall and context recog- 
nition (Sternberg, 1969) indicate that the 
Memory search processes in both tasks are 
‘dentical, Thus, both error and latency 
Measurements have supported we E 
ti emory and store “$ ig processing 

On. Tf this is the case, SPa” * jemory 
Tate he same 1 ue 
‘ystem, and a comp i. 
imulus. ee should point to 


Properties of the syste" 


i orted in 

s * This research was Sen 
Search Grant MH-0772 E 
pos National mE should be Psychologie, 
Ey us En Département diga 

+ Patrick anaghs % e am, 
(rael Caya Montréal, 90 E. 

é ja Farnham- 
tréal 101, Québec- jjam Chase Sylvia Farnham 

I : william osky for assistance in 
Di ex ua tephen Ghas nd to Saul Sternberg 
cw of t earlier version. 

s an €? 
9r comments z 


Memory span has been measured by a 
great variety of methods (cf. Blankenship, 
1938) ; generally, the task involves the pre- 
sentation of increasingly longer lists of items, 
with the longest to achieve a certain error 
criterion in ordered recall being reported as 
the span. The span therefore can be consid- 
ered a measure of the storage capacity of 
short-term memory for the class of material 
being tested. 

The measurement of the memory proc- 
essing rate has followed a more consistent 
procedure: subspan lists of varying length 
are memorized; a test item is then presented 
and classified as positive (a member of the 
memorized set) or negative (not a member ). 
The dependent variable is the response la- 
tency from the presentation of the test item 
to the execution of the classification re- 
sponse; the independent variable is the 
length of the memorized list. In general, 
a linear relation has been found between 
these two variables (Sternberg. 1969). The 
slope of this relation. thus estimates the 
processing rate (in milliseconds per item) 
for the class of stimuli being tested. No dif- 
ferentiation will be made between the two 
common variations in procedure (fixed vs. 
varied set) as both have been shown to give 
equivalent results and so presumably involve 
a common memory (ie. short-term mem- 
ory; Sternberg, 1969). Only a few of the 
studies reported here demonstrate signif- 
icantly nonlinear relations (Egeth & Smith, 
1967; Nickerson, 1966; Smith, 1967). In 
these cases, linear regressions estimate aver- 
age processing rates, none of which differ 
markedly from others in the same stimulus 
class. 
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TABLE 1 
PROCESSING RATE AND MEMORY SPAN AND CORRESPONDING STUDIES 
i FOR VARIOUS STIMULUS CLASSES 
| 


timulus class rocessing rates Memory span! 
S lus cl Pi g rate 


5 $ -0 (Brener, 1940) 
igi 35 (Bracey, 1969) 8 i 
Bee 27 orm & Okada, 1971) 8.2 (Gates, na Cohen; 1972 l 
30 (Cruse & Clifton, 1971) 7.3 (Kinsbourne & p | 
38 (Sternberg, 1966) 7.7 (Olsson &F Tun 
| 39 (Sternberg, 1967) 7.3 (Watkins, 1914) 


36 (Sternberg, 1969) " 
28 (Theios, Smith, Haviland, & Traup- 
mann, 1971) 


34 (Yio & Santa, 1970) 
| M 334 7.70 
| Colors 38 (Checkosky, 1971)1 7.1 (Brener, 1940) 
M 38.0 7.10 
Letters 29 (Cavanagh & Chase, 1971) 7.3 (Brener, 1950) n 1971) 
o 44 (Chase & Calfee, 1969) 5.4 (Kinsbourne & Cohen, 19 
53 (Chase & Posner, 1965) 


43 (Cruse & Clifton, 1971) 
41 (Ellis & Chase, 1971) 

24 (Egeth & Smith, 1967) 
42 (Forrin & Morin, 1969) 
33 (Klatzky & Atkinson, 1971) 
44 (Klatzky, Juola, & Atkins 


on, 1971) 
65 (Nickerson, 1966) 
26 (Williams, 1971) 
38 (Wimberly, 1968) 
39 (Yio & Santa, 1970) 
M 40.2 6.35 
Words 


52 (Burrows & Okada, 1972) 
50 (Goldring, 1968) 


$.5 (Brener, 1940) 
36 (Juola & Atkinson, 1971) 


50 (Smith, 1967) 
M 47.0 5.50 
Geometrical shapes 50 (Checkosky, 1970) 5.3 (Brener, 1940) 
M 50.0 5.30 
Random forms 92 (Bashark, 1968) 3.8 (Olsson & Furth, 1966) 
(Briggs & Blaha, 1969) 
45 (Sternberg, 1969) 
93 (Swanson, Johnsen, & Briggs 1972) 
M 68.0 3.80 
Nonsense syllables 73 (Checkosky & Checkosky, 1972) 2.5 (Brener, 1940) 
4.3 (Watkins, 1914)e 
M 73.0 3.4 Pagina ; 
a Milliseconds Per item, 
Items, 
à Based on 50% correct rea). 


T d in study are based on 60% 
folor condition (ah, De filteri ky' 
his reason, Sessions 2 end Bu eio UT ubeg 


are 
970) Y: Drocessi; in Session 3 
obtain better retira Processing rates in s 


To compare the measures of the two tasks, 
a search of the memory Span and memor 
search literature was conducted according to 
criteria that are described shortly, Seven 


" . s H 1 
Classes of Stimuli Were found for which bot! 
Measures Were avai lable : 


the digits 0 throug! 
3 Colors; the letters of th 


: far 
M. o € alphabet; fä 
miliar words; geometrica] Shapes such a$ 


Memory Span AND 


LI] 


NONDENDE 
5 YLLABLI 


GEOMETRICAL anapen 


Lerrerno 
cotone 


a 
o 


SLOPE = 243.2 ma 
INTERCEPT = 2.8 mo/irem 
r*:.995 


PROCESSING RATE (mB/iTem) 


o 10 20 .3o 


RECIPROCAL OF MEMORY SPAN (r&v?) 


FrG. 1. The relation between short-term mem- 
ory-processing rate and the reciprocal of the 
memory span for seven classes of stimuli (ms = 
millisecond). 


Squares, circles, and triangles ; random forms 
—polygons of low associational value; and 
Nonsense syllables (consonant-vowel-con- 
Sonant), ^ 

is he results are shown in Table i. a 
.. Srse relationship is evident in the average 
Values for the stimulus classes—the greater 
€ memory span, the faster the processing 
fate, To determine the exact form of this 
relation, the mean values of processing as 
àre plotted, in Figure 1, against the recipro” 
Cals of the mean memory Spans: Mherleast 


3 he 
Squares j; : ints for 99.5% of tl 
luares linear fit accot tandard devia- 


Variance with a root mean S SESS 
ion of 1.02 milliseconds/item, d a milli- 
Slope of the regression line ine 3o differ 
Seconds, and the intercept does 


Significantly from ae reciprocal relation 
H z w a 4 
à The data thus sho te and memory span. 
2etween processing ra llecting the data 
he procedure for E founding effects 
attempted to rule out any T both paradigms, 
hat might have aree included. Since 
Or results for adults V7 4 recogni- 
Only results for a auditory item g : 
Msufficient data °" nory span anc 


eir 
3 both m! P Eds Ro 
tion are available: run were limited to vis- 
i nC e memorized 


item recognition SU ns to be me : 
Wal modality: ted either successively or 


Could be prese 
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simultaneously. The average exposure time 
per item in the studies selected was of the 
same magnitude (l-2 seconds) for both 
tasks. Reported memory span was the 
length of the longest list recalled correctly 
50% of the time; although the method of 
scoring and the mode of recall—verbal, 
written, ordered selection from a large pool 
—varied between studies, the memory span 
values are not greatly affected by such varia- 
tions (cf. Guilford & Dallenbach, 1925). 
Memory processing rates were estimated 
from the slope of the least squares linear re- 
lation between reaction time (averaged over 
positive and negative responses) and the 
length of the memorized list. Since the 
amount of practice given in memory span 
tasks is generally small, processing rate data 
were limited to the first two sessions of each 
study, where possible. Finally, since 
Klatzky, Juola, and Atkinson (1971) have 
shown that mixed presentation of test stim- 
ulus conditions results in processing that is 
markedly different from that found when a 
test stimulus type remains constant over a 
long series of trials, recognition studies were 
ccepted if any £werors Credit: Ime. 
e^ ve. lower case, etc.) other than = 
length or response type (positive a ae 
tive) varied within experimental blocks. 

Although the criteria restrict the number 
of studies that can be drawn upon, the equa- 
ting of experimental conditions and modality 
for the two tasks ensures an accurate deter- 
1 of the memory span-processing rate 
relation. Since only group data are available 
in the literature, it is not possible at present 
to ascertain the degree to which the recipro- 
cal relation holds for individual subjects. An 
appropriate within-subjects design might not 
only extend the results demonstrated here 
but might also indicate that the between-sub- 
jects variance in the two measures within 
stimulus classes is substantially accounted for 
by their reciprocal relation. 

There are a number of theories that may 
predict this reciprocal relationship given 
suitable assumptions. The simplest of these 
might be termed the “size” hypothesis. Ac- 
cording to this approach, the representation 
of a stimulus in memory is composed of a 


minatiot 
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list of features. Short-term memory, with 
a constant, limited amount of available 
“space,” can hold only a fixed number. of 
features—T. The number of lists of fea- 
tures, that is, stimuli, of a particular class, c, 
that can be stored—N (c )—therefore de- 
pends on the number of features per list or 
the "size" of the representation—s(c). The 
memory span, N(c), is thus a measure of 
this size—the greater the mean number of 
features per stimulus, the fewer stimuli will 
fit in memory : 


N(c)-s(c) = T. [1] 


Stimulus size is therefore inversely related to 


memory capacity as estimated by memory 
span: 


N (c) 


If recognition involves serial 
features (i.e., the test stimulus is compared 


feature by feature against each stored stim- 


ulus) and the time per feature test—/—is a 


constant, then the processing time per item 
for stimulus class c—b(c)—will be directly 


proportional to the number of features per 
item: 


s(c) = [2] 


testing of 


b(c) = s(c)+t 


T 
b(c) — No: 


[3] 
[4] 


The processing 
to the memory 
tive search 
scribed by S 


rate is thus inversely related 
Span. Notice that an exhaus- 
procedure similar to that de- 
j ternberg (1966) is necessary if 
this memory system is to be compatible with 
the data of the item recognition task. 

A second hypothesis is based on the dec 
of memory traces. M 
shown that the durat 
brief visual display 
seconds, regardless 
cluded that this duration reflects 
of the visual image and, therefore, that the 
number of items reported depends on the 
rate at which they can be identified, Ina 
similar manner, this second hypothesis 
assumes that the duration of report from 
immediate memory when recalling a list of 


ay 
ackworth ( 1963) has 
ion of report from a 
is a constant l 152 
of material, She con- 


the decay 
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length equal to the memory span is also a 
constant—d—representing the decay timg 
of items in short-term memory. The weis 
span for stimulus class c thus depends jh 
rate of report —r( c )—from immediate m 
ory: 


d [5] 


N(c) = ri 


Since rehearsal is, in effect, self-report from 
immediate memory, the rate of rehearsal in 
the item recognition task will be assumed to 
be the same'as the rate of report in E 
memory span task. The time to rehearse 4 
list whose length equals the memory span 15 
therefore also a constant, d, as given M: 
Equation 5, If memory processing time E 
a test item is related by some function 4 E 
the time since its last rehearsal, then D 
average processing time when the istorum. 
list length equals N (c) is constant (the er 
rehearsal-test delay will be one-half d, a E 
pendent of stimulus class). Since processio 
time can be estimated (Sternberg, 1966) E 
the product of the processing rate, be)» 
and the number of items in memory, N(O* 
the following expression results: 


b(c)-N(c) = g(d/2) [6] 


_ £(d/2) [7] 
b(c) = NG” 
Since g(d/2 


es -aripii 
) 15 independent of c, a recip 
cal 


s anc 
relation. between processing rate "m 
memory span is again obtained. Note PA 
(a) for reaction times to vary linearly W! 


H n . H Si K 
memory set size within stimulus classes: 4 
itself must be 


a linear function; (b) ades 
tional assumptions are necessary to predict 
reaction times for negative test items—fo" 
example, negative reaction time could Þe 
Proportional to the mean delay (average 
across memory items) between rehearsal ° 
a memory item and Presentation of the nega" 
tive test; (c) memory span in this hypothesi? 
1s not viewed as storage capacity but onlY 
as the number of items that can be reportec 
before the memory trace fades, 

, Finally, a third hypothesis, w 
tion of the inverse memory, 
rate relation led to this stud 


hose predic- 
5pan-processin£ 
Y. ds based on 4 


——_OO SCS 24] 
tot _—<@“7£,.1.O., °°. A .08 
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neural holographic model of short-term mem- 
ory (Cavanagh, 1972). There is insufficient 
space here for a description of the model, 
but its prediction is based on the assumption 
that in dynamic activity, such as language or 
problem solving, the brain attempts to opti- 
mize its processing capacity. This implies, 
among other things, use of full memory ca- 
pacity and minimization of recognition re- 
action times. The model allows reaction 
times in the item recognition task to be ex- 
pressed as a function of a number of param- 
eters involved in the representation and stor- 
age of information ; minimized reaction times 
can therefore be determined by solving the 
total differentials of these equations when the 
number of items stored equals the memory 
span. The resulting minimized reaction 
times demonstrate an inverse memory span- 
processing rate relation. 

These three hypotheses have involved 
assumptions that cannot be tested with the 
data surveyed, and they have been presented 
only to demonstrate possible explanations of 
the data. The reciprocal relation of mem- 
ory span and processing rate does not, there- 
fore, offer a critical test of the hypotheses 
but does provide a necessary boundary con- 
dition that must be met by any theory of the 
structure of memory. The corollary of this 
reciprocity condition is that the time re- 
quired to process a full memory load is 1 
constant, independent of the type bs pee 
Stored, with a value in the order of mS 
quarter of a second, the slope of the regres- 
sion line in Figure 1. 
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THEORETICAL NOTES 


CONFIDENCE RATINGS IN RECALL: 
A REANALYSIS! 


DOUGLAS L. HINTZMAN? 


University of Oregon 


Confidence rating data from two paired 
reanalyzed, and two arguments are made. 


sociate learning experiments are 
The primary argument is that 


Bernbach's claim that Type 2 d' does not increase with practice is false, and 
this can be shown if pairs with different past histories are analyzed sepa- 


rately. The secondary argument is 


construct Type 2 operating characteristics, 
selection tends to confound effects of response 1 
Data from the two experiments are analyzed using both the group 
ysis that is free from subject selection. 
iat the more often responses have been 
e easily subjects discriminate them from 


bility. 
Type 2 analysis and an alternative anal 
Outcomes of both analyses show th 


given correctly in the past, the mori 
error. 
in the incremental ver- 
dM all-or-none learning controver involves 
an en of Type 2 operating characteristics d 
ei E. yze confidence rating data 1n paired-asso- 
ti e recall. The Type 2 operating characteris- 
4C differs from Type 1 in that “signal and 
o trials are defined by the performance 
ul iie subject himself, rather than by à manip- 
"lation under direct control of the experimenter. 
Eun in a recall task the subject first gives a 
Sponse and then rates his confidence in the 
Correctness of that response. The Type 7 
Operating characteristic plots 


P (confidence = 
4 "d S 

y Correct) against P confidence > Y error), 
Y i A 

here Y is a numerica 


1 rating of con nuca 

e distance O 
that the response is correct. ghe adus 
his curve from the main diago™ e ders 
the subjects ability to discriminate "^ 


$ i rs. 
ct responses from his erro is 
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that when pooled group data are used to 


as has been the practice, subject 
with those of discrimina- 


reflecting the subject’s ability to discriminate 


between learned and unlearned items. Data 
(Bernbach, 1967; Bernbach & Bower, 1970) 
seem to indicate that the discriminability of 
learned and unlearned items does not increase 
with practice. Such an outcome is what would 
be expected if learning were 2 matter of all- 
or-none transfer of a pair from an unlearned 
to a “learned” state. The finding has therefore 
been taken as evidence for a finite state, ano 
against à continuous strength representation o 
the memory trace (Bernbach, 1967, 1971). 

The primary argument to be made here 1s that 
contrary to previous conclusions, such discrim- 
inability does increase with practice, and this 
can be shown if items with different past his- 
re considered separately. A secondary 
argument is that when Type 2 operating char- 
acteristics are constructed from pooled group 
data, as has been the practice, subject selection 
tends to confound effects of response bias with 
effects of discriminability. This defeats the 
purpose of signal detection analysis, and makes 
interpretation difficult. Because of the prob- 
Jem, data are analyzed here first using a group 
Type 2 analysis similar to Bernbach’s, and 
second using a procedure that is not susceptible 
to subject selection artifacts. Both analyses 
lead to a rejection of Bernbach's two-state 
memory model. 
is pet ede astare data with con- 
js atings were selected for reanalysis. 
They are referred to here as Experiments I 
and II. Data of Experiment I, an unpublished 
study of my own, were used by Bernbach 


tories à 
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TABLE 1 
TYPE 2 RECEIVER OPERATING CHARACTERISTIC ANALYSIS, Group d, VALU ES 
| Correct-response Category | Anc ipd p 
i | a P Adjusted 
TAI a Second Third — | Fourth Unadjusted | Adjust 
| | 
Experiment I = 
| 55 3.05 
5 L55 vs 
: s 5 2.20 
2 ie ed s 2.30 
3 1.20 2.75 4+ | 2410 1 
; 1.55 2.30 3.30 1.75 . 
4 1.10 . 24 | mM 
Experiment II 
7 | 70 1.05 
H 70 70 1:50 
3 1.25 : 
2 | 85 2.30 RU. | 
3 1.10 1.60 3.10 1.50 us 
4 65 1.25 1.95 3.05 1.45 1.5 4 


(1967) to support his original argument. In 
that study, each subject learned a 16-pair list 
using the study-test procedure. After giving a 
response to each stimulus item, the subject 
tated his confidence in the correctness of his 
answer on a scale from 0 to 10, There were 
three conditions in all, involving lists with 4, 
8, or 16 different response alternatives. The 
16-alternative data (N= 15) were selected to 
be reanalyzed here because according to Bern- 
bach's model (1967, p. 477) the probability of a 
Correct guess in the unlearned State should be 
fairly low; g = .063, The data of Experiment 
II are from a published study in which each 
subject learned a 14-pair list using the anticipa- 
tion procedure, with unpaced recall 
(Hintzman, 1967). Confidence r 
ranged from 0 to 10, 
orthogonally manipulated 
(high vs. low) and number 
tives (2 vs, The low-14 data (N = 16), 
with an a priori guessing rate of g = .071, were 
chosen for reanalysis, 
For both experiments, Type 2 oper; 
acteristics were constructed from the pooled 
group data. A d, value (an estimate of d') 


was found for each curve by doubling the ab- 
solute value of the z arms at 


intervals 
atings, again, 
The complete study 
stimulus similarity 
of response alterna- 


ating char- 


2 Score for false al 
the point where the curve crosses the negative 


diagonal (Banks, 1970, D. 85). Two iypestof 
curves were constructed in which all correct 
responses were categorized together: one was 
an ordinary Type 2 analysis, while the other 
used Bernbach’s correction for guessing. The 


resulting discriminability measures are pre- 


; A ; of Table 
sented in the two right-hand columns of T: 


1. The adjusted values estimate the diserna 
ability of the two memory states of Rese E: 
model. As Bernbach has reported, overall Abs 
criminability did not increase with trials. EE 
adjusted values for Experiment I agree ME 
the graph of the same data presented by Bern 
bach [1967, Figure 14].) 

A different picture 
correct responses 
according to their 
operating ch 


emerged, however, sen 
Were further categorize“ 
past histories, Separate 
“racterisics were plotted for items 
gotten correct different numbers of times. The 
differences among the resulting. curves poe 
quite apparent; within trials, discriminability 
increased monotonically with he number of pre: 
vious correct responses. "This analysis, like the 
combined analyses, jg summarized in terms D. 
d, values in Table 1. The d, values for these 
Separate categories were not adjusted for guess- 
ing using Jernbach's formula, since the prob- 
ability that a correct response was a guess 1 
not independent of the past history of the pair- 
In fact, one might wish to argue for this rea- 
son that a within-trials increase in d, is not 
inconsistent with the two-state model—the 
item has been gotten correct: 
at it is in the unlearned 
€ higher the average con- 
anation will not work, be- 
correct response category 
1 appreciable Proportion of 
while the increases across second, 


» and fourth correct response, were both 
and consistent. "Peeially that in 


» and therefore th 


first 


contain an 


guesses, 
third 
large 


~- THEORETICAL NOTES 533 


E^ E the discriminability of third 
B iic CORTES. responses trom errors was 
ef the ja y greater than the discriminability 
tS Puce e, and unlearned states according 
eee pets model (last column). The par- 
Ty T ; pattern of the within-trials increase in 
ype 2 discriminability shown in Table 1 ap- 
Pears to be inconsistent with the two-state 
memory model. 
j Apparently, the increase in Type 2 discrimin- 
ability with practice was not noticed before be- 
Cause in previous analyses all correct responses 
Were combined, and comparisons were made be- 
tween, rather than within, trials. Other things 
equal, the increase would be expected to show 
up in between-trials comparisons, but it was 
balanced by a tendency for discriminability to 
decrease over trials within a given correct- 
Tesponse category (i.e. reading down columns 
of Table D). Why did this occur? At least 
two possible causes can be suggested. Later- 
learned items, being more difficult, may enter 
the correct-response pool at lower discrimin- 
ability than items learned on early trials 
Alternatively, fast learners may be able to dis- 
Criminate correct responses from errors better 
than slower learners. Since, in the group Type 
2 analysis, data are pooled over subjects, both 
item selection and subject selection may con- 
found the comparison of performance on one 
trial with that on another, Under the circum- 
Stances, any effect or lack of effect of trials 
On diseriminability could be artifactual and 
Should be interpreted with utmost caution. 
Whatever problems may be involved in such 
between-trial comparisons, a more subtle selec- 
tion problem can be shown to exist in the 
Vithin-trial comparisons upon which the group 
ype 2 discriminability measure itself is based. 
Item selection is not a problem here, since JS 
Item selection—the selective compar ee of 
T ue g rrors—that 15 asıs O 
th E EIU But subject selection is 
üt YD E "Each subject-item contributes 
lother matter. lata ool, and this rating 15 
pne Pe whether the response 


She rating t im 
ee Se s Pet (in the present case 
categorized ac- 


Was correct or inco" raher 
oer repe Sein hee . Different sub- 
P À A x : 
je nk tg their pP mee abilities. un 

s, according categories. Thus 
"eli may be con- 
he seriousness 


Tiferentially to ire deliberate, 
Selection, which jection. 


at ge E 
unded py subjec 3" om PLN ire 
thi = j arise 4t confidence Te S 
tis problet es that dependently of 


assum soria, ID 


Stivation of d' 
correc 


BS based on the sam 
P^ Whether the respon? 


t or incorrect. 


To the extent that correct responses aud errors 
are made by different subjects, there is no 
guarantee that this is the case. 

To illustrate, consider an artificial example in 
which data generated by five subjects are sub- 
mitted to a group Type 2 analysis like that sum- 
marized in Table 1. sume that the subjec 
differ in learning ability and that a given sub- 
ject learns all pairs on the same trial. This 
occurs in such a way that on Trial 4 the re- 
sponses are distributed as follows: Subject 1 
makes all the fourth correct responses, Sub- 
ject 2 the third, Subject 3 the second, and 
Subject 4 the first. Subject 5, the poorest 
learner of the group, makes all the errors 
against which the other subjects’ correct re- 
sponses are plotted. Even if none of the indi- 
vidual subjects is able to distinguish correct 
responses from errors, differences among the 
subjects in use of the confidence scale can pro- 
duce nonzero “d’” values. For example, if sub- 
jects’ confidence were positively correlated with 
learning ability, then obtained d’ values would 
be positive and would increase with number of 
times correct (as in Table 1). If the correla- 
tion between confidence and ability were nega- 
tive, a decreasing function, with negative d’ 
values, would result. Various irregular rela- 
tionships would produce still other outcomes. 
Furthermore, whatever the nature of the sub- 
ject differences, their ellects would be exag- 
ger ed by the fact that ez ch subject contributes 
several responses per trial. 

The point is that group Type 2 curves do 
not necessarily reflect the performance of indi- 
vidual subjects. In the kind of pooled group 
analysis used by Bernbach (1967), and used 
here in Table 1, the effects of discriminability 
are confounded with effects of response bias. 
To the extent that subject selection is present, 
one cannot be certain what combination of dis- 
criminability and bias produced a given result. 
(Differences among subjects! criterion setting 
could not only artifactually raise or lower dis- 
criminability measures but might also be re- 
sponsible for some otherwise puzzling findings 
regarding operating characteristic slopes—e.g., 
Donaldson & Glathe, 1970). E 

The problem is of concern here because the 
degree of subject selection was rather substan- 
tial in the present experiments. Over the first 
four trials of Experiment I, out of a total of 
64 responses per subject, the number of errors 
ranged from 8 for one subject to 50 for another. 
In Experiment II, with 56 responses per sub- 
ject, the range was from 13 to 54. Considering 
the possible effects of this variability, not even 
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TABLE 2 
CONFIDENCE RATINGS: MEANS OF SunJEcr MEANS 
Correct response ES 
Trial Error c | Seoni Third Fourth 
Experiment I 
1 .91 (15) 4.88 (15) E 
2 1.37 (15) 5.97 (15) 9.50 (11) "m 
« 1.74 (14) 5.14. (14) 8.67 (15) -91 (1T 10 
4 2.90 a 6.80 (12) 8.05 (14) 8.95 (15) 9.80 (10) 
Experiment II " E. 
1 1.60 (16) 3.61 (15) , 
2 2.54 (16) 4.06 (14) 8.35 (11) ENS 
3.08 (15) 6.31 (15) 7.61 (10) d - 
i 3.61 tis) 5.32 ( 9) 7.08 (15) 8.67 (11) 9.95 (10) 
1 


Note.—Number of subjects contributing 


the large and consistent within-trials increase 
in d, shown in Table 1 can be safely assumed 
not to be an artifact of the treatment of group 
data as though they were from a single subject. 
Thus while the group Type 2 analysis is useful 
because it allows a comparison with previous 
data, it does not Prove the two-state model 
wrong. One could still argue that Bernbach's 
theoretical position regarding invariance of 
Type 2 discriminability is basically correct, and 
reject the data in Table las contaminated by 
Subject selection artifacts. It seems worth- 
while, therefore, to seek an alternative method 


of analysis that is not subject to the same criti- 
cism, 


The ideal Way to ov 
tion problem would b 
analyses for each su 
average d, values. 


€rcome the subject selec- 
€ to do separate Type 2 
bject, and then examine 
However, this Procedure re- 
quires a very large number of observations per 
subject per trial, since confidence ratings on 


correct responses must partly overlap those on 
errors in order for an operating characteristic 
to be plotted, 


d. er of the present experi- 
ments are individua] a 


i ype 2 analyses possible. 
An alternative solu ton, which should serve 


verifying or disconfirm- 


crease in d^ with number 
of previous correct responses, is based on con- 


fidence rating means. If on a given trial an 
individual subject’s mean confidence on correct 
items increases regularly with number of times 
correct, then his ability to distinguish those 
correct responses from errors must be increas- 


ing the within-trials in 


shown in parentheses. For Experiment I, N 


= 


= 15; for Experiment 11,N = 16. 


ing also. Accordingly, the data were agii 
analyzed, this time computing for each subj p 
Where possible, the mean confidence ratings an 
errors, and on first, second, third, and UE. 
correct responses. The means of the subj a 
means for each category on each trial are mat 
for both experiments in Table 2. Note i 
the means presented in Table 2 arc not ie 
free from the Subject selection of Table i an 
here a subject could contribute no more ke 
one value to each category (the number m 
subjects contributing to each is shown m 
parentheses), Furthermore, statistical analy 
of individual subjects’ data indicate thar aa 
Pattern displayed by the means of Table 2 w‘ 
in fact representative of performance of sine 
subjects. For each contributing subject, na 
each of Trials 2-4, the difference in mean os 
fidence between the ith and the jth correct P. 
Sponse categories was computed, where 1 hat 
the highest category for the subject on ie 
trial and j the lowest, ij. For example, $ 
a given subject on Trial 4 made second, this 
and fourth, but no first correct responses, t a 
subject’s score was the difference in mean con 
fidence between the fourth and second corre’: 
response categories, Tests of the hypothe” 
that the mean difference was zero yielded th 
following results: For Experiment T, Trials E 
HE. 4, respectively - 1(10) = 549; ja 
"> both bs < 001. 1(14) = 4.04, p < 01. m. 
#(10) —3.88; '/(11) = 3.19 
05 


"Xperiment II: 
P< 


both ps 0]. #13) = 2.64, p <05. 
hus the conclusion that Was tentative!” 
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pea irom Table 1, but that was suspect for 

reasons discussed previously, is confirmed. 
According to this measure, which is free of sub- 
Ject selection, the ability to distinguish correct 
Tesponses from errors on a given trial increased 
directly with the number of previous correct 
Tesponses on the pair. Again, the magnitude 
of the increase and its consistency cannot be 
explained in terms of different proportions of 
guesses in the different categories, since only 
first-correct responses could include an appreci- 
able proportion of guesses. Further, mean rat- 
ings to the best-learned items were extremely 
close to the maximum of 10; and that would 
not be the case if those Yos were in an wadii 
ferentiated learned state from which ratings are 
distributed widely over the scale. 

What bearing does the present reanalysis 
have on the continuous strength versus finite 
state question? One conclusion that appears 
inescapable is that the outcome is inconsistent 
with the simple two-state model for confidence 
ratings proposed by Bernbach (1967). Beyond 
this, however, there are few definite conclu- 
sions that can be made. The confidence rating 
data appear, at least qualitatively, to be con- 
sistent with a large number of alternative hy- 
Potheses. Two of them seem to be worth men- 
tioning: First, Bernbach (1971) considered 
and rejected two versions of a continuous 
strength model—one of them based confidence 
on the strength of the retrieved association and 
the other on the difference in strengths between 
the retrieved and the next strongest associa- 
tions, The reason for rejecting the model (in- 
variance of Type 2 discriminability) now ap- 
pears to be invalid. Second, the present result 


Seems to be more consistent, in spirit at least. 
1970b) "replica" 


with Bernbach's (19702, : 
model than was his original conclusion. The 
replica model assumes that after an item 15 


Ut 
w 
wn 


first learned additional copies or replicas of its 
trace may be stored due to rehearsal or repeti- 
tion. It seems natural to assume that con- 
fidence is a function of the number of replicas 
of an item in storage, and that would explain 
the present result. A similar notion is that con- 
fidence is based in part on a judgment of the 
frequency with which the retrieved response 
was confirmed on past trials as correct. Such 
frequency information could, logically, be stored 
independently of the memory state underlying 
retrieval. 
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CONFIDENCE RATINGS FOR INDIVIDUAL ITEMS IN RECALL 


HARLEY A. BERNBACH ! 
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Hintzman claims, as a result of a 1972 reanaly: 
paired-associate learning, that Bernbach's 196 
His conclusion is 


of trial number is false. 
covered the finding that item diffe 
apparent oldness (or strength, 
not-remembered items. 
well-known invariance 
practice or serial position, 


Subjects generally generate 
fidence ratings when asked to r 
both recall and recognition tasks. This appears 
to be because the correct/incorrect or old/new 
Sets of items have confidence distributions on 
the decision scale (strength, apparent oldness, 
or the like) that have nonzero variances, It 
is this fact that makes a signal detection anal- 
ysis of such data both possible and necessary, 
The source of this variance has generally been 
referred to as noise or decision variability, but 
it would be a mistake to assume that it is 
merely error variance in a homogeneous set of 
items. It is just this mistake that has led 
Hintzman to a totally incorrect conclusion from 


his reanalysis of some confidence rating data 
from recall experiments. 


The fact is th 
their mean locations on the reca 
scale both when tł 2 
they are not, The evidence for this is hardly 
new. It has been kn f 
individual items in r 
in their locations 
lar fashion in 


and old items, continuous short- 
term recognition memory task first Suggested 
by Shepard and Teghtsoonian (1961). In this 
task, each item appears twice in a continuous 
string of items and thus is tested both when it 
is new and when it is old, Tt has been noted 


& Reicher, 1964; 


a range of con- 
ate confidence in 


en it was first 
A formal theoretical Statement that 


1 Requests for reprints should be sent to Harley 


presented. 


A Bernbach, Department of Psychological 
Sciences: Purdue University, Lafayette, Indiana 
47907. 
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sis of confidence rating data in 
7 claim that d* is independent 
simply wrong; he has redis- 


rences contribute to the variability of 
familiarity, or the li 
He has, in fact, provided a 
of d* with ch: 


ke) for remembered and 
dditional evidence for the 
anges in memory variables such as 


different item locations on the decision scale 
are the basis for this phenomenon was Pd 
sented by Bernbach (1964). This issue 2d 
not pursued, primarily because it did not CM 
criminate among theories, as it is consiste! 
with either a strength or finite state theory. P 
It is an easy theoretical step to add the "d 
sumption that items high on the decision EET y 
are learned fastest, This assumption permi M 
complete explanation of Hintzman’s (1972) dey 
without discriminating between continuous nia 
finite state theories. That is, if this : sump 
holds, the set of items that has been gor 
Several times in a row will have a mean scat? 
location, relative to the set of errors, that 1 
higher than that for the set of items correct 19] 
the first time. Tt is the mean relative locatio? 
that Hintzman calls “discriminability” and mes 
Sures with the index, ds. Both types of theory 
would predict a decrease in this measure as 0” 
reads down columns in Hintzman's Table 
In both Cases, what is being measured is n? 
the discriminability of these subsets of correo 
items but their mean scale location relative r 
all the incorrect items. What is important 2 
purposes of verifying the finite state theory i 
that a proper index of the discriminability of 2 3 
correct from incorrect items must remain er 
stant across trials, This appears to be the e 
both in Hintzman's Experiment I, as had bees 
noted Previously (Bernbach, 1967), and E 
periment II. The result does not appear to : 


compatible with strength theory (Bernbacl 
1971a), despite Hintzman's appeal to an acc! 
dental "balance" betw 


; a fie 
cen the increase in oa 
WS and the unexplained d d 
DE down columns, This palanc! 


A H ^ tle 
© accidental, Considering the cO! 


«once 
of d* (the Mean ot rep ications of the variant" 
: . 3 1 imi DM 1 > 
in this instance “riminability for all ite? 


Bernbach, 1971) tat have been reported (€^ 
PET 


act, the values of ds 


d, values across r 
crease readj 
could hardly 
siderable num 
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from Experiment Il, appropriately corrected for 
guessing, actually lend' support to the claim 
that d* is invariant with moderate amounts of 
practice. 

Hintzman's second argument, backed by the 
data in Table 2, needs only brief consideration. 
Bernbach and Bower (1970) demonstrated 
clearly that mean confidence rating can change 
with d' constant, as a function of criterion 
change only. They also found that cues for 
criterion shifts can be picked up by subjects 
Within a list. There are many possible reasons 
for subjects to have used different criteria for 
the different items with which Hintzman is 
concerned; Hintzman suggests at least one of 
these in his own discussion, Whatever the case, 
mean confidence rating is a worthless summary 
Statistic in any instance except one in which 
it is absolutely certain that there is no taint of 
criterion change, a rare situation indeed. 

Finally, since Hintzman has raised the point 
of possible problems with using data pooled 
across subjects, it should be pointed out that 
it would be unlikely that we find d* invariant 
So repeatedly if the suggested artifact were 
Working. Hintzman’s argument is that the 
pooling of data might be the cause of a change 
in d* with practice, a change that does not 
Occur, If Hintzman is really concerned about 
the effects of pooling data, it would seem that 
he should collect data from individual subjects 
rather than perform a faulty reanalysis of some 
Old (pooled) data. 
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GREGORY’S THEORY OF ILLUSIONS: 
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OF THE MÜLLER-LYER ILLUSION : 
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ASE 


According to R. L. Gregory, 
the outgoing fins is seen in pe 
thus, through misplaced size 
outward is perceived as longer. 


fins are lengthened, the illusion at 


Short fins are not perceptually distinct from, 
extend, so that leng 
crease in the perceived extent of the line, 

ever, causes an ever cleare 
fins, thus negating more 


Gregory (e.g., 1966) has invoked the notion 
of misplaced Constancy to explain the Müller- 
Lyer and other visual illusions, Tn the portion 
of the Müller-Lyer figure in which the lins are 
outgoing (ie, extend away from the line to 
which they are attached), the fins, he notes, 
could represent the inside corner of à room, and 
the resulting. depth cue, even though counter- 
manded by other cues, might feed into the size- 
constancy mechanism and thus increase the 
perceived length of the inside-corner line. 

Two findings, however, seem to point to a 
more peripheral and less cognitive explanation of 

i i First, when the part 
yer figure with the outgoing 
Particular fin length produces 
(Heymans, 1895-1896 . Lewis, 
5 Keeping the angle be- 
and keeping it below 50°, 
ccessively lengthened, the 
€ located between the two 
apparent length, but 


r a certain value, 
further Increases in 


length of the 
€ems to occu 


fins is tested, a 
à maximal effect 


r when the 
l'This study was Supported by NIH Grant 
HD04869-02. i 
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E. Krueger, Department of Psychology, City Col- 
lege of the City University of New York, New 
York, New York 10031. 
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the portion of the Müller-Lyer 


rspective as representing an inside corner, and 
constancy, 


figure having 


the line from which the fins extend 


Two findings argue against the perspec- 
tive notion as a complete explanation of the illusion. à 

first increases in size, until the fins reach 
illusion begins to decrease in size as the 


Second, the same illusion, and the same non- 
monotonic effect of fin length, is found when, 


I 
First, as the outgoing 
| 


fin length is such that its normal projectios 
onto the hypothetical extension of the £i ! 
horizontal line (that is, the portion of E. 
imaginary extension that is cut off when a n. 
pendicular line is dropped to it from the E. 
9f a fin) is half the length of the center line. : 
The second finding, emphasized by Len 
(1909) and Obonai (1954), is that a simile? 
illusion is obtained with 4 figure in b 
the angle between the outgoing fins is reducet 
to zero (i.e, each pair of fins is collapsed | 
gether to form a single line) and a dr 
vertical mark is inserted to indicate where ht 
center line ends and the fins begin: the ceni 
line appears longer and longer as the ke. 
lapsed fins are lengthened, but only up to Fi 
certain point, after which further increase Í 
length decreases the illusion. 
Recently, this investigator 
a closer connection betw ; 
from these two types of figures by showing 
fatigue has the same effet 
On each trial, the subject ha 
ngth of one horizontal line t? 
equal the length of a horizontal line which wa? 
and at whose ends were E 
o incidence of either 9 
apsed fins), or the figure wit" 


Was a short spatianstead of Vertical marks ther? 
ter line and the Separation between the cen 
of practice Was “ach side, A clear effect 

; Sund for either figur? 
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over three one-hour sessions with six subjects, 
but for both types of figure a maximal illusion 
was found when the projected length (30° 
case) or the actual length (0° case) of the 
peeing fins was about half that of the center 
ine. 

The two findings seem difficult to account 
for in terms of misplaced constancy. The depth 
cue produced by the outgoing fins ought to be- 
come ever larger as the fins are lengthened, 
rather than to increase at first but then to be- 
come weaker as fin length passes a particular 
value. Further, if, as the evidence suggests, 
the same illusion is produced by a figure con- 
taining horizontal, collapsed fins, as by a 
figure with regular diagonal fins, then any argu- 
ment based on perspective or size constancy 
seems even less appropriate as a complete ex- 
planation of the illusion. 

Several more peripheral and less cognitive 
explanations might account for the two findings. 
Lewis (1909) and Obonai (1954) rely on 
assimilation and contrast; short outgoing fins 
are assimilated to the center horizontal line, 
making it appear longer, whereas long outgoing 
fins are contrasted with the center horizontal 
line, making it appear shorter. An explanation 
based on figure-ground separation also is pos- 
sible. As Beck (1966) and Krueger (1970) 
have shown, a letter is more difficult to identify 
when irrelevant visual material barely sur- 
rounds it than when it lies within a larger sur- 
rounding irrelevant context, perhaps because, as 
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Beck suggests, adding more irrelevant material 
leads to greater figure-ground separation be- 
tween the letter (figure) and the irrelevant 
material (ground). In the Miiller-Lyer illu- 
sion, when the outgoing fins are short, the 
outgoing fins and the portion of horizontal line 
between them may cohere as a single figure, 
with the fin length being assimilated to that of 
the horizontal line, whereas when the outgoing 
fins are lengthened still further, figure-ground 
separation may tend to occur, so that the fins be- 
come more and more distinct as separate entities 
and have less and less effect on the horizontal 
line. 
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The author responds to L. E, Krueger's 1972 j 
ripheral and less cognitive type of explanation i 


facts for visual distortions such 
1963, R. L. Gregory 
a missetting of the si 


is defended as a logical candidate. 


Krueger (1972) raised several points concern- 
ing versions of the Muller-Lyer illusion which 
seem relevant to the "inappropriate constancy 
Scaling" theory of distortion illusions. The 
theory (Gregory, 1963) is that distortions, 
such as given by the Muller-Lyer figure, are due 
to missetting of the Size-scaling mechanism 
which normally maintains apparent size con- 


stant over a wide range of object distance, by 
effectively compensatin: 


image with increasin, 


g lines giving 
(and all per- 


epth-related features, 
such as perspective convergence, are Present on 


a flat surface. Since the dis 
though the figures ; it is sup- 
directly by 
pth as per- 


ed at “depth cue 
scaling, 


This is not the 


: 3 only kind of scaling (or w 
in which scaling 


1 can be set or misset), 
Size changes occur with depth reversals of 
biguous objects, especially 
visible background 


ay 
for 
am- 
when there js no 
to prevent the figure being 


imensional Since these size 
with changes ir 


u 1 al image remains un- 
changed, this Scaling mu by retinal 
Pothesis, or 
it must be 
© prevailing 
ling sensory 
1 Requests for reprints should be sent to Richard 
L. Gregory, Brain and Perception. Laboratory, 
University Walk, University of Bristol, PES 
England. 


perception, of depth. 
central, and cognitive, a 
object perception, not to the prevai 
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as those given by the Muller. 
had suggested a theory of 
ze-scaling mechanism. 
distortions are the problem being dealt w; 
nism capable of producing size scale ch 


suggestion that a more pe- 
s indicated by experimental 
er figure. In 
"constancy Scaling" based on 
It is argued that perceptual scale 
ith, and that in principle a mecha- 
anges is required. Constancy scaling 


stimulus pattern. 
pothesis scaling." 

Depth cue and 
essentially 


This is called "depth hy- 


depth hypothesis scaling are 
different, but an error in either 
must, unless somehow compensated, produce ? 
corresponding error in perceived size. Cons 
verging lines lying on a plane give ils 
expansion where they (or enclosed feature 
would normally be more distant; and wi 
depth Teversals, size increases with apparen 


: h 2 ° »cker 
distance, as in Wire cubes or luminous Neck 
cubes, 


Krueger is worr 
facts about the Mu 
that there is an o 
than monotonic in 
length—suggest a 


ied that some experimenta! 
ller-Lyer illusion—especia er 
ptimum length of fin AE. 
crease in distortion with s 
1 more peripheral and ye 
Cognitive type of explanation, However. ta 
cue scaling, relevant here, is not conceived y 
be at a high cognitive level, as it is set direct / 
by (perspective) features of the figure, per 
from perceived depth or identification of th 
pattern as an Object. This puts cue scaling 
at roughly the logical level of ethological “Te 
leasers” : they would hardly be said to b 
cognitive. To Say that the “depth cue pro 
duced by the outgoing fins ought to become evel 
larger as the fins are lengthened . .. [p. 5391 
1s to suppose that we know a priori, or by come 
mon sense, just what makes the system tick. 
ut, as for releasers guess and We 


may be wrong. a matter of mea 
suring the s 


(using luminous 


has not Yet been q 


is perhaps based Tueger’s expectatio! 

depth cue Scalin x misunderstanding 

of the converging Bs du thought of the end: 
as “a 


Nchored” at a give? 


distance, then we indeed should expect increase 
in fin length to indicate increasing distance 
of the enclosed line—with resulting increase of 
illusory expansion—as the fins become longer, 
Without limit. But this would be “hypothesis 
Scaling," for it would occur as a function of 
apparent distance of the distorted enclosed line. 
The textured background prevents the figure's 
perspective features from serving to make it 
appear three-dimensional, so hypothesis scaling 
is not operating. This leaves only depth cue 
scaling in these conditions, but unfortunately 
we do not know independently of illusion data 
how depth cue scaling is related to the length 
of converging lines. In the world of normal 
objects, increase in length of receding lines 
is only associated with increase in distance 
when their near ends are fixed: since this is 
rarely the case, we should not expect this 
assumption to be built into depth cue scaling. 
Krueger prefers assimilation, contrast, and 
figure/ground, as being “more peripheral and 
less cognitive.” But on what theory of percep- 
tion would this be accepted? A simple mech- 
anism for cue scaling can readily be imagined; 
but surely assimilation, contrast (in this sense), 
and figure/ground seem to require far more 
elaborate "unconscious inference" than some- 
thing like a releaser, set directly by certain 
stimulus features irrespective oi the kind of 
object involved. I hind these concepts 


too 
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distantly related to the phenomena of illusory 
distortion to be relevant. 

We are dealing here with perceptual scale 
distortions, so mechanisms capable, at least 
in principle, of producing size scale changes 
should be sought. Constancy scaling (which 
we know on very general grounds exists) is a 
candidate because it is clearly capable of mod- 
ifying apparent size: either directly from depth 
cues or as a function of apparent distance. 

Unlike depth cue scaling, depth hypothesis 
scaling is essentially cognitive, for it is tied to 
the apparent (or the prevailing hypothetical) 
distance of parts of figures or objects. We 
know that this is not set directly by features 
of the retinal image, because it varies as à 
function of apparent distance though the retinal 
image remains constant. The fact that hy- 
pothesis scaling is a clearly relevant cognitive 
phenomenon makes it especially interesting, 
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ROLE OF THE HYPOTHALAMUS IN MOTIVATION: 
AN EXAMINATION OF VALENSTEIN'S REEXAMINATION 


ERNEST H. BERGQUIST : 


University of South Carolina 


A recent (1970) article by E. S. Valenstein, V. C. Cox, and J. W. 
ski re-examining the role of the hypothalamus in motiv: 
criticized. Alternative views regarding the an 
thalamic mechanisms involved in the control oi 
it is concluded that interdigitation theory is in 
able evidence. 


Kakolew- 
ation is reviewed and 
atomical specificity of hypo- 
behavior are considered, and 
closest agreement with avail- 
The question of whether stimulation may induce motivation 
(drive) is also discussed, and a generally affirmative decision reached. Im- 
plications of the fact that electrical stimulation is a gross and highly abnor 
mal means of exciting brain mechanisms involved in the control of behavior 


are considered. 


In a recent issue of this journal, Valenstein, 
Cox, and Kakolewski (1970) presented a re- 
examination of the role of the hypothalamus in 
motivation. The degree of anatomical specific- 
ity of stimulation-elicited behaviors and the 
nature of motivational conditions induced by 
Such stimulation were considered. In the pres- 
ent article, attention is given to these same 


issues, and certain conclusions of Valenstein 
and his associates are criticized. 


ANATOMICAL SPECIFICITY 
Regarding the matter 

ficity, there would seem 
four basic alternatives ; 


of anatomical speci- 
to be the following 


1. There may 
with the control 
sponse categories 
attack, threat), 


2. There may be distinct zones associated 
with the control of broadly redefined response 
categories (where, using Valenstein's terminol- 
ogy, all responses in a given category may be 
associated with the Same "general state,” or 
"mood," of the organism). 

3. There may be separate neural mech: 
mediating different response c 
traditional or redefined), 
tomical interdigitation of 

4. The hypothalamus 
equipotential. 


The first alternative is definitely in error. 
is brought out in the Valenstein article, th 


be distinct zones associated 
of different traditional re- 
(e.g. eating, drinking, sex, 


anisms 
ategories (either 
but with some ana- 
these mechanisms, 
may be behaviorally 


As 
ere 
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is considerable overlap among the anatomical 
sites that have been reported by various inn 
gators to yield behaviors in different trac 
tional response categories. ft 
Valenstein and his associates clearly supp? 
either Alternative 2: 
P 
Hypothalamic stimulation does not activate anki 
one specific behavior pattern. The stimulatio" 
seems to excite the substrate for a group ot r 
sponses that in a given species are related t¢ 


common state [Valenstein, Cox, & Kakolewsk 
1970, p. 30]. 


or Alternative 4: 


The data hav 
the hypothala 
not be found 
of the behavi 


€ forced us to conclude that WIS 
mus discrete anatomical regions a 
to correlate with the elicitation of a" 
ors studied . , . [p. 20], 


and 
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[p. 25]. 
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(equipotentiality) would seem to predict that 
any and all behaviors should be elicitable from 
any hypothalamic site, something which Valen- 
stein has not yet demonstrated. 


SELECTIVE STIMULATION 


The more selective stimulation techniques, 
such as thermal and chemical stimulation, pro- 
vide a means of testing the validity of these 
various theories of hypothalamic function. Al- 
ternative 3 (interdigitation) would predict that 
the behavior elicited from a particular site 
might vary in kind depending on the stimulus 
agent, with different agents selectively acti- 
vating different anatomically overlapping me- 
chanisms. In contrast, Alternatives 2 and 4 
would predict that the elicited behavior would 
be independent of the stimulating agent, and 
entirely determined by such factors as prior 
experience, availability of goal objects, and 
individual response prepotency. Available evi- 
dence appears to support the interdigitation 
theory. 

Tt has been demonstrated in opossums, for 
example, that localized warming of the medial 
preoptic area using radio frequency current 
will evoke thermoregulatory responses sich as 
grooming, panting, and sleeplike relaxation, 
but will not evoke nonthermoregulatory ve- 
sponses such as looking around, sniffing, loco- 
motion, mouth opening, climbing, mating, 
attacking, and various stereotyped motor re- 
sponses that can be elicited with 60-hertz 
sine wave current delivered through these 
same electrodes (Roberts, Bergquist, & Robin- 
son, 1969). Localized warming of other hypo- 
thalamic regions was found to have no be- 
havioral effect. This would seem to indicate 
that radio frequency current can selectively 
activate thermoregulatory response mechanisms 
localized in the medial preoptic area, while not 
activating other response mechanisms present 
in this same region, and clearly supports the 
interdigitation theory of hypothalamic function. 

Also supporting the interdigitation view is 
Grossman's 1962) finding that eating can be 
Jrenergic substance, such as 


evoked with an ad TEM : l 
norepinephrine, and drinking with a choliner- 
ubstance, such as carbachol, delivered via 

This finding 


hypothalamic cannula. 

suggests that eating and drinking 
s s may be closely intertwined with 
mecha! iher in the hypothalamus, put with the 
d echanism having adrenergic synaptic 
nd the drinking mechanism having 
tic junctions. 


gic E 

the same 
ong! y 

anism 


eating 
: 2 

junction’, vna 

choline?*' 2 
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Valenstein and his associates questioned this 
interpretation, suggesting that one, Or both, 
of these chemical substances may be diffusing 
some distance away from the cannula tip before 
having its effect, thus leaving open the pos- 
sibility that the two substances may be excit- 
ing anatomically distinct zones. This is un- 
likely. Various lines of evidence (behavioral, 
histochemical fluorescence, and radioactive 
tracing) all lead to the conclusion that these 
chemicals generally do mot get more than one- 
half millimeter beyond the tip ot he ead 
(see Hoebel, 1971, pp. 552-553 for a summmary 
of this evidence). 

If these effects are indeed both mediated by 
neural tissue near the tip of the cannula, an 
interesting test of the response substitution 
aspect of Valenstein's theory becomes possible. 
If adrenergic (cholinergic) substance is ap- 
plied in the absence of food (water) at a site 
from which it has been verified that eating 
(drinking) can be evoked, Valenstein's theory 
would seem to predict that there may eventually 
be an increase in water (food) consumption, or 
perhaps in some cases an increased incidence 
of gnawing. While this particular experiment 
remains to be done, observations by Grossman 
(1962) suggest that aderenergic (cholinergic) 
stimulation, initially at least, may, have an 
effect just opposite to this prediction, causing 
a decrease in water (food) consumption. 

FURTHER ARGUMENTS AGAINST 
ALTERNATIVE 4 


Alternative 4 (equipotentiality). although 
supported by the considerable overlap among 
anatomical sites reported to yield different be- 
haviors, is contradicted by the specificity that 
has also been observed. In their mapping of 
the opossum hypothalamus, for example, Rob- 
erts, Steinberg, and Means (1967) found 
everything from nearly complete overlap of 
effective zones (e.g. mating and grooming) 
to no overlap at all (e.g., mating and threat). 

Some specificity has recently been reported 
also regarding output pathways from hypo- 
thalamic mechanisms involved in the control 
of behavior. In an investigation of the effect 
of lesions at different loci on stimulation cur- 
rent thresholds for the elicitation of various 
behaviors in opossums, Bergquist (1970) found 
that lesions in the ventrolateral quadrant (espe- 
cially those interrupting the medial forebrain 
bundle) of the ipsilateral posterior hypothala- 
mus were most effective in elevating male mat- 
ing. grooming. eating. attack, and investiga- 
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tory thresholds, while lesions in the dorsomedial 
quadrant (particularly those interrupting pos- 
terior periventricular system fibers) were most 
effective in elevating thresholds for defensive 
threat. Similarly, Chi and Flynn (1971) re- 
ported that lesions made at sites from which 
quiet attack can be evoked in cats result in 
degeneration of medial forebrain bundle fibers, 
while lesions made at sites from which affective 
attack (similar in some respects to defensive 
threat in opossums) can be evoked result in 
degeneration of periventricular system fibers. 
Also in opposition to the equipotentiality view 
is the behavioral Specificity of hypothalamic 
lesions. Lateral lesions. cause aphagia and 
adipsia (Teitelbaum & Epstein, 1962), ventro- 
medial lesions cause hyperphagia and increased 
affective display (Hetherington & Ransom, 
1940; Wheatley, 1944), anterior lesions in at 
least some species cause diminished sexual ac- 
tivity (Sawyer, 1960), and so on. Equipoten- 
tiality theory, in contrast, would predict that 


behavioral deficits would be unrelated to lesion 
locus, 


FURTHER ARGUMENTS AGAINST 
ALTERNATIVE 2 


Alternative 2 suggests that there may be hy- 
pothalamic zones involved in the control of 
broadly redefined response categories, with all 
responses in a given category being associated 
with a common organismic State; for example, 
eating, drinking, and gnawing (and possible 
other responses) might be controlled by a com- 
mon substrate located in the lateral hypo- 
thalamus, The specific response elicited with 
stimulation of any such zone (out of the collec- 
tion of potential responses mediated by that 
zone) would by entirely determined by such 
factors as prior experience, availability of goal 
objects, and individual Tesponse prepotency, Tt 
would be independent of both the type of 
stimulation used and the precise site of stim- 
ulation within the effective zone. 

That stimulation-elicited behavior 
partially determined by factors such 
experience, availability of 
individual response Prepo 
tion. What is being questioned in this article 
is the prediction that such behavior will be inde- 
pendent of the type of stimulation used and the 
specific site of stimulation. We have already 
shown, in fact (see section on selective stimula- 
tion), that elicited behavior can be quite de- 
pendent upon the kind of. stimulation used, 
That specific site of stimulation may also be an 


may be 
as prior 
goal objects, and 
tency is not in ques- 
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important determining factor is indicated E 
recent report (Olds, Allan, & Briese, 1 ir 
that by using reduced S eraren M 
electrodes, eating and drinking behavior can i 
independently evoked from the lateral s 
thalamus in the rat. This finding, while cor 
trary to Alternative 2, is precisely what Afta 
native 3 would predict. Small mela, 
stimulating electrodes should be more likely 4 
independently excite neural mechanisms that " 
immediately adjacent to, or interdigitated with, 
one another. ". 

A further difficulty with Alternative 2 is tha 
it may necessitate some rather improbable "d 
definition of response categories, l'or examp E 
although mating, grooming, yawning. Tp. 
pacing back and forth at the front of the ten. 
chamber, and thermoregulatory behavior have 
been evoked in the opossum from closely over- 
lapping zones in the anterior iypettale a 
and preoptic area (Roberts et al., 1967 ; Ro i 
erts et al., 1969), it is difficult to conceive © 
these behaviors as all being related to a cona 
mon organismic state, It seems much more 
likely that these diverse behaviors are con- 
trolled by distinct mechanisms that simply hap- 
pen to be in close physical proximity, or inter- 
digitation, in this region, 


STIMULATION-IxpUCEp Motivation 
The question of w 


H nm 
hether hypothalamic stin 
ulation may induce m 


otivation can with greatest 
clarity be treated in two parts. First, what !5 
motivation (drive) ? Second, does hypothala- 
mic stimulation induce it? 


The present author conceives of the term 


"motivation" as being a label referring to the 
activity of certain neural mechanisms, where 
any alteration in this activity (ie, a change 
in Motivation) will be reflected behaviorally w 
an altered likelihood of occurrence of certain 
behaviors and a change in reward valne of cols 
tain related goal objects, Since hypothalamic 
stimulation has been found in many cases tO 
have both of these effects (Anderson, Larson. 
& Persson, 1960; Roberts & Carey, 1965; Rob- 
erts & Kiess, 1964; Roberts et al, 1967), it 
can be concluded that such stimulation can in- 
duce motivation (drive), as so defined. 
Unfortunately, Valenstein et al. 

clearly specify their definition of motivation. 
They did make clear, however, their view 
that Motivational States are In refer- 
silt git dl ae hatha 
Stein et al. st ied hat this ^ ie 
s Stated that this Would require the 


did mot 


TOM at 
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postulation “that hypothalamic | stimulation 
evokes specific aversive states associated with 
gnawing, food shuffling, tail preening. etc. 
[p. 20]". Since behavior eliciting hypothalamic 
stimulation is typically found to be rewarding, 


: they concluded that such stimulation is ap- 


parently not inducing motivation. 

This conclusion can be criticized in three dif- 
ferent respects. First, it has not been estab- 
lished that motivation (drive) is necessarily 
always aversive. Some motivational conditions 
may well be aversive (e.g. 48-hour-food-de- 
privation-induced hunger), while others may 
not be (e.g., motivational conditions associated 
with sexual behavior, maternal behavior, tail 
preening, etc.). 

Second, even if stimulation does induce an 
aversive motivational state, the total effect of 
that stimulation could still be positive if it 
simultaneously excites physically adjacent, or 
interdigitated, reward mechanisms. That such 
anatomical overlap of distinct motivational and 
reward mechanisms may actually occur in the 
hypothalamus is indicated by a recent report 
(Olds et al., 1971) that by using reduced sur- 
face-area-stimulating electrodes, motivational 
(eating OT drinking) and reward effects can be 
independently evoked from areas (lateral hypo- 
thalamus) from which larger surface area 
electrodes commonly may evoke both effects. 

Third, it is not true that hénsssr-óen ng 
stimulation is entirely nonaversive. Miller 

r example, reported that although 


960), for 1 hor 
T hens would learn to icula un E: 
receive a brief pulse of stimulation ' i 
ch eating could be evoked, they woulo 
a T maze to turn off maintained 


from whi 
also learn 


stimulation. Fap | 
E further support for their view that hypo- 


thalamic stimulation does not induce motiva- 
tion, Valenstein et al. pointed to their finding 
that stimulation may in some cases not enhance 
the reward value of all related goal objects 
equally (¢-8+ solid food pellets may be increased 
in reward value, but not liquid food), and in 
other cases may enhance the reward value of 
two or more unrelated goal objects (e.g., food 

ellets and water). 7 ET : 
In interpreting these findings it is essential 
to bear in mind that electrical stimulation de- 
livered via an implanted electrode is a highly 
normal means of activating hypothalamic 
apr of mechanisms. Because of this, mecha- 
contíÓ vat are normally activated as a total 
nisms t ometimes be only partially activated. 
unit MY dt incomplete response patterns may 
rest ‘might seldom or never occur na- 


Asa te t 
occur tha 
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turally (see Roberts et al., 1967, for a detailed 
description of the variety of incomplete re- 
sponse patterns they observed with hypothala- 
mic stimulation in the opossum), and, cor- 
respondingly, some goal objects may be en- 
hanced in reward value, while other seemingly 
related goal objects may not be. 

Similarly, two or more separate neural 
mechanisms may sometimes be simultaneously 
activated by stimulation (if, e.g., they are inter- 
digitated with one another), even though this 
may never occur normally. As a result, com- 
binations of two or more behavior patterns may 
occur that might seldom or never be observed 
naturally, and, correspondingly, two or more 
seemingly unrelated goal objects may be en- 
hanced simultaneously in reward value. 

In summary, the present author is suggesting 
that stimulation may oftentimes excite either 
fragments or combinations of specific motiva- 
tional mechanisms. It is further suggested that 
this is why stimulation may in some cases not 
enhance the reward value of all related goal ob- 
jects equally, and in other cases may enhance 
the reward value of two or more unrelated goal 
objects. This is in contrast to the view of 
Valenstein and his associates that stimulation 
is exciting mechanisms that mediate more "gen- 
eral states," or “moods” (see, e.g., Valenstein 
et al, p. 30). It is difficult to conceive, how- 
ever, what kind of general state or mood would 
cause some of the combinations of reward 
effects reported (e.g., enhanced reward value of 
food pellets and water, but not liquid food). 
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These volumes are bound in the authorized colors. 


HOW TO ORDER 


Simply ship your journal issues to us via parcel post, to- 
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An Esalen Book 


: The One Quest 


by Claudio Naranjo 


Complete human development. How does one approach it? 

Claudio Naranjo makes a broadly reasoned examination of 

the practices of religion, education, and psychotherapy 

2 over many lands and eras to illuminate the common 

(PT ¥ : ingredients of all forms in which people today search for 


ways of human growth. 


Part I: An Introduction to the Quest for Growth 

Part Il: The Goals of Human Transformation 

Part III: Traditional Ways and Contemporary Echoes 

Part IV: The Oneness of Experience iri the Ways of Growth 
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